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(54) METHOD AND APPARATUS FOR ESTIMATING COMMUNICATION LOAD IN RADIO 
COMMUNICATION NETWORK, RADIO STATION, AND HOST APPARATUS

(57) A method and a device for estimating a commu-
nication load, as well as a radio station and an upper-level
apparatus in a radio communication system, are provided
that can estimate a communication load in a target net-
work with high accuracy by using received quality infor-
mation. A communication load estimation function (1) for
estimating a communication load in a network (NW) es-

timates the communication load in the network by using
at least a first quality indicator (Q1), which is a quality
measurement value including entire received power, and
a second quality indicator (Q2), which is a quality meas-
urement value including the signal-to-noise-and-interfer-
ence ratio of a reference signal.
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Description

[Technical Field]

[0001] The present invention relates to radio communication networks and, more particularly, to a technique for esti-
mating a network communication load, a radio communication system, a radio station and an upper-level apparatus that
use the technique.

[Background Art]

[0002] In recent years, active studies have been conducted on SON (Self Organizing Network), which autonomously
optimizes radio parameters and network configurations, in radio communication systems such as cellular systems.
Standardization of SON functions is under way also in 3GPP LTE (Long Term Evolution) (NPL 1). Forms of use of SON
include technologies for optimization of cell coverage and capacity (Coverage and Capacity Optimization: CCOpt) and
the like. To implement CCOpt, it is necessary that each base station should know communication loads on its neighboring
base stations. Since the X2 interface is prescribed between base stations that are close to each other for them to
exchange various information (NPL 2), it is possible to acquire communication loads on neighboring base stations by
using this X2 interface.
[0003] Moreover, the situation of mobile telecommunications is that a plurality of systems such as WCDMA (Wideband
Code Division Multiple Access) and LTE, or public LANs (Local Area Networks), coexist, and further a plurality of operators
coexist also in cellular networks. In such a multi-network environment, user equipment need to know a communication
load in each network in order to select and connect to a network where higher-speed communication is possible.
[0004] Furthermore, PTL 1 discloses a method in which the degrees of communication loads in cells in vicinity are
determined and then cell selection or re-selection is performed. According to the system of PTL 1, the Ec/No of a pilot
signal received from another cell is measured, whereby the degree of concentration of calls in this another cell is
determined and used for decision in cell selection or re-selection.

[Citation List]

[Patent Literature]

[0005]

[PTL 1]
Japanese Patent Application Unexamined Publication No. 2005-012566
[NPL 1]
3GPP TS36.300 v10.5.0, section 22
[NPL 2]
3GPP TS36.331 v10.5.0

[Summary of Invention]

[Technical Problem]

[0006] However, the above-described method for acquiring communication loads utilizing the X2 interface can be used
between base stations having the X2 interface, and a base station having no X2 interface cannot obtain load information
of neighboring cells.
[0007] Moreover, in a multi-network environment, if a radio terminal is capable of connecting not only to its own
terminal’s network but also to a different network via another radio terminal, a communication load in this different network
is not notified to the radio terminal. Similarly, if an operator is different from that of the own terminal’s network, a notification
about a load in this different network cannot be acquired either.
[0008] Furthermore, in the method described in PTL 1, the Ec/No of a pilot signal received from a cell in vicinity is
measured, whereby the degree of concentration of calls in this other cell is determined. However, since Ec/No depends
not only on the load in a cell but also on the interference with neighboring cells, highly accurate communication load
estimation cannot be performed only with Ec/No.
[0009] Accordingly, an object of the present invention is to provide a method and a device for estimating a communi-
cation load, a radio station and an upper-level apparatus in a radio communication system, which allows high-accuracy
estimation of a communication load in a target network by using received quality information.
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[Solution to Problem]

[0010] A communication load estimation method according to the present invention is a method for estimating a
communication load in a network, characterized in that the communication load in the network is estimated by using at
least a first quality indicator, which includes entire received power, and a second quality indicator, which includes a
signal-to-noise-and-interference ratio of a reference signal.
[0011] A communication load estimation device according to the present invention is a device for estimating a com-
munication load in a network, characterized by comprising: acquisition means for acquiring at least measurement data
on a first quality indicator, which includes entire received power, and on a second quality indicator, which includes a
signal-to-noise-and-interference ratio of a reference signal; and estimation means for estimating the communication
load in the network by using at least the first and second quality indicators.
[0012] A radio station according to the present invention is a radio station in a radio communication system, charac-
terized by comprising: acquisition means for acquiring at least measurement data on a first quality indicator, which
includes entire received power, and on a second quality indicator, which includes a signal-to-noise-and-interference
ratio of a reference signal; and estimation means for estimating a communication load in a network by using at least the
first and second quality indicators.
[0013] An upper-level apparatus according to the present invention is an upper-level apparatus of a radio station in a
radio communication system, characterized by comprising: acquisition means for acquiring from a radio station at least
measurement data on a first quality indicator, which includes entire received power, and on a second quality indicator,
which includes a signal-to-noise-and-interference ratio of a reference signal; and estimation means for estimating a
communication load in a network by using at least the first and second quality indicators.
[0014] A radio communication system according to the present invention is a radio communication system including
at least one of a radio station and an upper-level apparatus thereof, characterized in that the radio station or the upper-
level apparatus estimates a communication load in the network by using at least a first quality indicator, which includes
entire received power, and a second quality indicator, which includes a signal-to-noise-and-interference ratio of a refer-
ence signal.

[Advantageous Effects of Invention]

[0015] According to the present invention, it is possible to estimate a network communication load with high accuracy
by using at least a first quality indicator, which includes entire received power, and a second quality indicator, which
includes the signal-to-noise-and-interference ratio of a reference signal.

[Brief Description of Drawings]

[0016]

[FIG. 1]
FIG. 1 is a conceptual configuration diagram for describing a method for estimating a communication load according
to an exemplary embodiment of the present invention.
[FIG. 2]
FIG. 2 is a schematic diagram showing an example of the method for estimating a communication load in FIG. 1.
[FIG. 3]
FIG. 3 is a network architecture diagram in a case where the load estimation method according to the present
exemplary embodiment is applied to an LTE system.
[FIG. 4]
FIG. 4 is a schematic diagram showing an example of a resource block structure in LTE.
[FIG. 5]
FIG. 5 is a schematic diagram for briefly describing mathematics for calculating quality indicators in the load estimation
method shown in FIG. 3.
[FIG. 6]
FIG. 6 is a block diagram showing a functional configuration of a load estimation device according to a first example
of the present invention.
[FIG. 7]
FIG. 7 is a flowchart showing a load estimation method according to the first example.
[FIG. 8]
FIG. 8 is a block diagram showing a functional configuration of a load estimation device according to a second
example of the present invention.
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[FIG. 9]
FIG. 9 is a flowchart showing operations of the load estimation device according to the second example.
[FIG. 10]
FIG. 10 is a graph showing changes in quality indicator over time for describing an example of statistical processing
of a quality indicator in the second example.
[FIG. 11]
FIG. 11 is a block diagram showing a functional configuration of a load estimation device according to a third example
of the present invention.
[FIG. 12]
FIG. 12 is a flowchart showing operations of the load estimation device according to the third example of the present
invention.
[FIG. 13]
FIG. 13 is a graph showing changes in load over time for describing an example of statistical processing of a quality
indicator in the third example.
[FIG. 14]
FIG. 14 is a graph showing changes in load over time for describing another example of statistical processing of a
quality indicator in the third example.
[FIG. 15]
FIG. 15 is a block diagram showing a schematic configuration of a radio station according to a fourth example of
the present invention.
[FIG. 16]
FIG. 16 is a network architecture diagram showing an example of a radio communication system according to a fifth
example of the present invention.
[FIG. 17]
FIG. 17 is a block diagram showing a functional configuration of a radio base station according to the fifth example
of the present invention.
[FIG. 18]
FIG. 18 is a flowchart showing an example of communication load estimation control by the radio base station shown
in FIG. 17.
[FIG. 19]
FIG. 19 is a network architecture diagram showing an example of a radio communication system according to a
sixth example of the present invention.
[FIG. 20]
FIG. 20 is a block diagram showing a functional configuration of a radio base station according to the sixth example
of the present invention.
[FIG. 21]
FIG. 21 is a flowchart showing a first example of communication load estimation control by the radio base station
shown in FIG. 20.
[FIG. 22]
FIG. 22 is a flowchart showing a second example of communication load estimation control by the radio base station
shown in FIG. 20.
[FIG. 23]
FIG. 23 is a network architecture diagram showing an example of a radio communication system according to a
seventh example of the present invention.
[FIG. 24]
FIG. 24 is a block diagram showing a functional configuration of a radio base station according to the seventh
example of the present invention.
[FIG. 25]
FIG. 25 is a flowchart showing an example of communication load estimation control by the radio base station shown
in FIG. 24.
[FIG. 26]
FIG. 26 is a network architecture diagram showing an example of a radio communication system according to an
eighth example of the present invention.
[FIG. 27]
FIG. 27 is a block diagram showing a functional configuration of a network upper-level apparatus according to the
eighth example of the present invention.
[FIG. 28]
FIG. 28 is a flowchart showing an example of communication load estimation control by the network upper-level
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apparatus shown in FIG. 27.
[FIG. 29]
FIG. 29 is a network architecture diagram using a radio terminal according to a ninth example of the present invention.
[FIG. 30]
FIG. 30 is a block diagram showing a schematic configuration of the radio terminal according to the ninth example.
[FIG. 31]
FIG. 31 is a flowchart showing an example of communication load estimation control by the radio terminal shown
in FIG. 30.
[FIG. 32]
FIG. 32 is a network architecture diagram using a radio terminal according to a 10th example of the present invention.
[FIG. 33]
FIG. 33 is a network architecture diagram using radio terminals according to an 11 th example of the present invention.
[FIG. 34]
FIG. 34 is a block diagram showing a schematic configuration of the radio terminal according to the 11th example.
[FIG. 35]
FIG. 35 is a sequence diagram showing operations in the network shown in FIG. 34.
[FIG. 36]
FIG. 36 is a network architecture diagram using radio terminals according to a 12th example of the present invention.
[FIG. 37]
FIG. 37 is a sequence diagram showing operations in the network shown in FIG. 36.
[FIG. 38]
FIG. 38 is a network architecture diagram using a radio terminal according to a 13th example of the present invention.
[FIG. 39]
FIG. 39 is a sequence diagram showing operations in the network shown in FIG. 38.
[FIG. 40]
FIG. 40 is a schematic diagram for describing network selection criteria of the radio terminal according to the 13th
example.
[FIG. 41]
FIG. 41 is a flowchart showing operations of the radio terminal according to the 13th example.
[FIG. 42]
FIG. 42 is a network architecture diagram using radio terminals for load measurement according to a 14th example
of the present invention.

[Description of Embodiments]

<Outline of exemplary embodiments>

[0017] Referring to FIG. 1, according to an exemplary embodiment of the present invention, a network communication
load is estimated by a communication load estimation function 1, using at least a quality indicator Q1, which includes
entire received power measured by a radio station, and a quality indicator Q2, which includes a signal-to-noise-and-
interference ratio of a reference signal (reference signal or pilot signal). Here, a radio station is a device having a radio
communication function in a radio communication system, and it will be assumed hereinafter that "radio station" includes
a radio terminal, a user terminal, a mobile station, a user equipment (UE), a radio base station, an eNB, a NodeB and
the like.
[0018] The quality indicator Q1 is entire received power including interference power and noise, and its examples
include RSSI (Received Signal Strength Indicator), RSRQ (Reference Signal Received Quality), Ec/No (Energy per chip
/ Noise), or the like. Examples of the quality indicator Q2 include SINR (Signal to Interference plus Noise Ratio) or the like.
[0019] The communication load estimation function 1 is a function that can be provided to a radio station or a network
upper-level apparatus managing radio stations, and executes communication load estimation, which will be described
next.

<Communication load estimation>

[0020] Referring to FIG. 2, the communication load estimation function 1 calculates a communication load in an
estimation-target network by subtracting inference and noise power components included in the quality indicator Q2
from entire received power, the quality indicator Q1. Hereinafter, a basic procedure of communication load estimation
will be described by using an LTE system as an example.
[0021] Referring to FIG. 3, a radio communication system will be considered that includes radio stations D0 and D1,
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which manage cells, respectively, and a radio station D2, which receives reference signals RS and data signals Data
from the radio stations D0 and D1. Here, it is assumed that a communication load u0 in a cell Cell_0 is estimated in view
of the radio station D2, and this cell Cell_0 and a cell Cell_1, which is controlled by the radio station D1, are referred to
as the estimation-target cell and the interfering cell, respectively. Moreover, it is differentiated based on a suffix (0 or 1)
whether a signal is of the estimation-target cell or of the interfering cell. Furthermore, it is assumed that PRS0 is the
received power of a reference signal RS0 from the radio station D0 and PData0 is the received power of a data signal
Data0 therefrom, and that the entire received power from the estimation-target cell Cell_0 is represented as u0PRS0 by
using the communication load u0.
[0022] Moreover, an OFDMA (Orthogonal Frequency Division Multiple Access) resource block structure shown in FIG.
4 will be used as an example in the description. However, the resource block structure in FIG. 4 is a structure in a case
where the number of transmission antennas is one.
[0023] Referring to FIG. 5, RSSI, which is the quality indicator Q1, is entire received power including the received
power PRS0 and PData0 (= u0PRS0) from the estimation-target cell Cell_0 as well as interference power PRS1 + PData1
from the interfering cell Cell_1 and a noise Noise. SINR, which is the quality indicator Q2, is the ratio of the received
power PRS0 of the reference signal RS0 to the interference power PRS1 and PData1 + Noise components per subcarrier.
[0024] Accordingly, the interference power PRS1 and PData1 + Noise components can be calculated by measuring the
SINR and the received power PRS0, and the received power PRS0 and PData0 (=U0PRS0) from the estimation-target cell
Cell_0 can be obtained by subtracting a result of this calculation from a measurement value of RSSI, the quality indicator
Q1. The communication load u0 in the estimation-target cell Cell_0 can be calculated from the received power PRS0 and
PData0 (=u0PRS0) from the estimation-target cell Cell_0 thus obtained and the measurement value of the receive power
PRS0 of the reference signal RS0. As the communication load u0, a resource usage or the like can be used.
[0025] FIGS. 3 to 5 show a case of LTE. However, in a case of WCDMA, the same basic procedure also applies, in
which a communication load in an estimation-target network is calculated by subtracting interference and noise power
components included in the quality indicator Q2 from the quality indicator Q1 which indicates entire received power.
Hereinafter, respective communication load estimation equations in the cases of LTE and WCDMA will be shown.

<LTE>

[0026] In the case of LTE, a communication load (uk) in an estimation-target cell Cell_k can be estimated by using the
following equation (1).
[Math. 1] 

Here, the quality indicator Q1 indicating entire received power is RSSI or RSRQk, and the quality indicator Q2
including the signal-to-noise-and-interference radio of a reference signal is SINRk;
RSSI is the received signal power per resource block (1 RB) of an OFDM symbol in which reference signals RSs
are multiplexed;
pk is the received signal power per resource element of the reference signal RS of the cell Cell_k (RSRPk);
SINRk is the ratio of the received signal power of the RS signal of the cell Cell_k to interference signal power + noise
power; and
RSRQk is the ratio of the received signal power of the RS signal of the cell Cell_k to the RSSI.

<WCDMA>

[0027] In the case of WCDMA, a communication load (uk) in an estimation-target cell Cell_k can be estimated by using
the following equation (2).
[Math. 2] 

Here, the quality indicator Q1 indicating entire received power is RSSI or Ec/Nok, and the quality indicator Q2
including the signal-to-noise-plus-interference radio of a reference signal is SINRk;
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RSSI is the received signal power within a bandwidth;
pk is the received signal power of a pilot signal (PS) of the cell Cell_k (RSRPk);
SINRk is the ratio of the received signal power of the PS signal of the cell Cell_k to interference signal power + noise
power;
Ec/NOk is the ratio of the received signal power of the PS signal of the cell Cell_k to the RSSI; and
SF is a spreading factor.

[0028] Note that apart from LTE and WCDMA described above, in a case of cdma2000, Ec, Ec/lo or Pilot Strength
can be used for the quality indicator Q1, and in a case of WiMAX, Preamble RSSI or CINR (Carrier to Interference-plus-
Noise Ratio) can be used for the quality indicator Q1.
[0029] As described above, a network communication load is estimated by using at least the quality indicator Q1,
which includes entire received power measured by a radio station, and the quality indicator Q2, which includes the signal-
to-noise-and-interference ratio of a reference signal. Thus, it is possible to estimate a network communication load with
high accuracy by using radio quality information measured by a radio terminal.
[0030] Hereinafter, a description will be given individually of first to fourth examples (FIGS. 6 to 15) as exemplary
aspects of a first exemplary embodiment of the present invention, fifth to eighth examples (FIGS. 16 to 28), a second
exemplary embodiment, ninth to 13th examples (FIGS. 29 to 41), a third exemplary embodiment, and 14th and 15th
examples (FIG. 42), a fourth exemplary embodiment.

<First exemplary embodiment>

[0031] A load estimation device according to a first exemplary embodiment of the present invention acquires the first
quality indicator Q1 and the second quality indicator Q2 and estimates a communication load in an estimation-target
network as described above.

1. First example

1.1) Configuration

[0032] Referring to FIG. 6, a load estimation device 10 according to a first example of the present invention has a
functional configuration including a radio communication section 11 and a load estimation section 12. The radio com-
munication section 11 is capable of connecting to a network NW by radio and outputs the first quality indicator Q1 and
the second quality indicator Q2 to the load estimation section 12.
[0033] The quality indicator Q1 is a quality indicator including entire received power measured by the radio commu-
nication section 11 or another radio station and is, for example, RSSI or RSRQ in the case of LTE, or Ec/No in the case
of WCDMA. The quality indicator Q2 is a quality indicator (such as SIRN) including the signal-to-noise-and-interference
ratio of a reference signal (reference signal or pilot signal). The load estimation section 12 estimates a communication
load in the network NW by using the quality indicators Q1 and Q2. A communication load estimate is a resource usage
or the like and can be obtained by subtracting interference power and noises included in the quality indicator Q2 from
the quality indicator Q1, which indicates the entire received power.

1.2) Operations

[0034] The load estimation device 10 shown in FIG. 6 can be provided to a radio station, and a control section (not
shown) of the radio station performs control for load estimation operations, which will be described next.
[0035] Referring to FIG. 7, the control section determines whether or not the first quality indicator Q1 is acquired
(Operation S21) and, if the first quality indicator Q1 is acquired (Operation S21; YES), determines whether or not the
second quality indicator Q2 is acquired (Operation S22). If the second quality indicator Q2 is acquired (Operation S22;
YES), the control section controls the load estimation section 12 so that the load estimation section 12 estimates a
communication load in the network NW by using the first quality indicator Q1 and the second quality indicator Q2
(Operation S23). For the estimation of the communication load, the above-described load estimation equation (1) or (2)
can be used. Note that in the present operations, the order of the operations for acquiring the first and second quality
indicators may be interchanged.
[0036] Note that the load estimation section 12 may be configured to perform the load estimation operations when the
received power of a reference signal is not smaller than a predetermined magnitude. Since load estimation is not
performed when a reference signal is weak, the amount of calculation by the load estimation section 12 can be suppressed.
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1.3) Effects

[0037] As described above, according to the first example of the present invention, a network communication load is
estimated by using the quality indicator Q1 and the quality indicator Q2, which includes the signal-to-noise-and-interfer-
ence ratio of a reference signal. Accordingly, it is possible to estimate a network communication load with high accuracy
by using only measured radio quality information. Moreover, load estimation can be performed without actually connecting
to a network, and so it is possible to suppress increases in power consumption and network load.

2. Second example

[0038] According to a second example of the present invention, in order to suppress variation in load estimation results,
load estimation is performed after statistical processing on the measured quality indicators.

2.1) Configuration

[0039] Referring to FIG. 8, a load estimation device 10a according to the second example of the present invention
has a structure in which a statistical processing section 13 is provided prior to the load estimation section 12 in the load
estimation device 10 according to the first example shown in FIG. 6. Accordingly, those blocks that have the same
functions as in the first example are given the same reference numerals, and a description thereof will be omitted.
[0040] 2.2) Operations
[0041] Assuming that the load estimation device 10a shown in FIG. 8 is provided with a control section (not shown)
that controls operations, the control section performs control for load estimation operations, which will be described next.
[0042] Referring to FIG. 9, the control section determines whether or not the first quality indicator Q1 is acquired
(Operation S21) and, if the first quality indicator Q1 is acquired (Operation S21; YES), determines whether or not the
second quality indicator Q2 is acquired (Operation S22). If the second quality indicator Q2 is acquired (Operation S22;
YES), the control section determines whether or not a predetermined number of quality indicator measurement values
are collected at the statistical processing section 13 (Operation S31), and repeats the above-described Operations S21
to S22 until the predetermined number of them are collected (Operation S31; NO). When the predetermined number of
quality indicator measurement values are collected (Operation S31; YES), the statistical processing section 13 performs
statistical processing, such as averaging or weighting, on the predetermined number of first quality indicators Q1 and
second quality indicators Q2 (Operation S32) and outputs the first and second quality indicators subjected to the statistical
processing to the load estimation section 12. The load estimation section 12 estimates a communication load in the
network NW as described above by using the first quality indicator Q1 and the second quality indicator Q2 subjected to
the statistical processing (Operation S33).
[0043] Note that the statistical processing section 13 may be configured to perform the statistical processing when
the received power of a reference signal is not smaller than a predetermined magnitude.

2.3) Statistical processing

[0044] The first quality indicator Q1 and the second quality indicator Q2 are individually measured at measurement
intervals Ts as schematically shown in FIG. 10. However, their measurement values pk vary over time in actuality, and
a measurement value pk(i) at a certain sampling point i does not always reflect actual quality and may possibly greatly
deviate from it. Accordingly, such measurement values are collected for a certain period of time and subjected to statistical
processing, whereby variation in the measurement values over time can be suppressed as shown by statistical value
p(overbar)k(i) in FIG. 10.
[0045] For the statistical processing, averaging or weighting processing or the like can be used and, generally, can
be expressed by the following equation (3).
[Math. 3] 

 Here, p(overbar)k is a quality indicator statistical value, Nsamp is the number of samples, wj is a weighting factor, and
pk is a quality indicator measurement value.
[0046] The number of samples Nsamp and the weighting factor wj can be determined depending on the varying states
over time of the measurement values. For example, when attempting to suppress variation, the number of samples
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Nsamp is made larger, and when attempting to make latest measurement values have greater effects, the weighting
factor wj is made to have a greater value as j becomes smaller.

2.4) Effects

[0047] As described above, according to the second example of the present invention, in addition to the above-
described effects of the first example, variation in load estimation results over time can be suppressed by performing
load estimation after carrying out statistical processing on the measured quality indicators, and so it is possible to perform
more reliable load estimation.

3. Third example

[0048] An object of a third example of the present invention is to suppress variation in load estimation results over
time similarly to the second example, but the third example provides another method for solution, in which variation over
time is suppressed by using a plurality of load estimation results obtained according to the above-described first example.
Hereinafter, a detailed description will be given.

3.1) Configuration

[0049] Referring to FIG. 11, a load estimation device 10b according to a third example of the present invention has a
structure in which a data processing section 14 is added to the load estimation device 10 according to the first example
shown in FIG. 6. The data processing section 14 performs statistical processing or selection processing on estimates,
which will be described later, whereby variation in estimation results over time can be suppressed. Accordingly, those
blocks that have the same functions as in the first example are given the same reference numerals, and a description
thereof will be omitted.

3.2) Operations

[0050] Referring to FIG. 12, a control section determines whether or not the first quality indicator Q1 is acquired
(Operation S21) and, if the first quality indicator Q1 is acquired (Operation S21; YES), determines whether or not the
second quality indicator Q2 is acquired (Operation S22). If the second quality indicator Q2 is acquired (Operation S22;
YES), the control section controls the load estimation section 12 so that the load estimation section 12 estimates a first
communication load based on the acquired quality indicator measurement values (Operation S41). A first communication
load estimate is a load estimation result obtained according to the above-described first example. Subsequently, the
control section determines whether or not a predetermined number of first communication load estimates are collected
(Operation S42) and repeats the above-described Operations S21, S22 and S41 until the predetermined number of
them are collected (Operation S42; NO). When the predetermined number of first communication load estimates are
collected (Operation S42; YES), the control section controls the data processing section 14 so that the data processing
section 14 performs statistical processing or selection processing, which will be described later, on the predetermined
number of first communication load estimates, thereby estimating a communication load in the network NW (a second
communication load) (Operation S43).

3.3) Statistical processing

[0051] In the above-described first example, first communication load estimates u(i) are obtained based on the meas-
ured first quality indicator Q1 and second quality indicator Q2 at measurement intervals Ts as schematically shown in
FIG. 13. However, as described already, the first communication load estimates u(i) vary over time in actuality, and a
u(i) at a certain sampling point i does not always reflect an actual load and may possibly greatly deviate from it. Accordingly,
such first communication load estimates are collected for a certain period of time and subjected to statistical processing,
whereby variation in the estimates over time can be suppressed as shown by statistical value u(overbar)(i) in FIG. 13.
[0052] For the statistical processing, averaging or weighting processing or the like can be used and, generally, can
be expressed by the following equation (4).
[Math. 4] 
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Here, u(overbar) is a communication load statistical value, Nsamp is the number of samples, wj is a weighting factor, and
u is a first communication load estimate.
[0053] The number of samples Nsamp and the weighting factor wj can be determined depending on the varying states
over time of the measurement values. For example, when attempting to suppress variation, the number of samples
Nsamp is made larger, and when attempting to make latest estimates have greater effects, the weighting factor wj is made
to have a greater value as j becomes smaller.

3.4) Selection processing

[0054] The data processing section 14 selects one load estimate from a plurality of first communication load estimates
u(i) estimated at different points of time as schematically shown in FIG. 14, whereby it is also possible to suppress
variation in load estimation results over time. For example, from the plurality of first communication load estimates u(i),
the largest value is selected in Method 1, the smallest value is selected in Method 2, and the median value is selected
in Method 3.

3.5) Effects

[0055] As described above, according to the third example of the present invention, variation in load estimation results
over time can be suppressed by carrying out statistical processing or selection processing on first load estimates obtained
according to the above-described first example, and so it is possible to perform more reliable load estimation.

4. Fourth example

[0056] Referring to FIG. 15, a radio station 30 provided with the functionality of the communication load estimation
device according to the above-described first, second or third example will be described as a fourth example of the
present invention. As described already, the radio station 30 is a radio terminal or a radio base station. The radio station
30 according to the present example includes a radio communication section 31, a transmission/reception data processing
section 32, a communication load estimation section 33, and a control section 34. The functions according to each of
the above-described examples can be implemented by the radio communication section 31, the communication load
estimation section 33 and the control section 34.
[0057] For example, according to the first example, the radio communication section 31 measures the quality indicator
Q1, which includes the entire received power from an estimation-target cell, and the quality Q2, which includes the
signal-to-noise-and-interference ratio of a reference signal, and the communication load estimation section 33 estimates
a communication load in the estimation-target cell by using the measurement values of the quality indicators Q1 and
Q2 as described above. Further, it is also possible that the control section 34 causes the communication load estimation
section 33 to perform statistical processing as in the above-described second or third example.
[0058] Note that the control section 34 may perform control such that the communication load estimation section 33
performs the load estimation operations only when the received power of a reference signal measured by the radio
communication section 31 is not smaller than a predetermined magnitude.

<Second exemplary embodiment>

[0059] According to a second exemplary embodiment of the present invention, a radio base station uses radio quality
information (quality indicators Q1 and Q2) of a radio cell of another radio base station to estimate a communication load
in this other radio cell. Hereinafter, fifth to eighth examples of the present invention will be described with reference to
drawings.

5. Fifth example

5.1) System architecture

[0060] Referring to FIG. 16, a radio communication system including radio base stations according to the present
example includes radio base stations 40 and 40a, radio cells 50 and 50a managed by them, respectively, and terminal
stations TS1 to TS3 that are belonging to the radio cell 50. The radio base stations 40 and 40a are close to each other,
and it is assumed that signals of both the radio cells 50 and 50a can be measured in at least some area. Here, it is
assumed that the radio base station 40 estimates a communication load in the radio cell 50a by using results of radio
quality (quality indicators Q1 and Q2) measured by the terminal stations TS1, TS2 and TS3, which are mobile stations.
[0061] Referring to FIG. 17, the radio base station 40 includes a radio communication section 401, a transmission
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data processing section 402, a reception data processing section 403, a control section 404, a communication load
estimation section 405, a communication load recording section 406, and a communication section 407.
[0062] The radio communication section 401 receives an uplink signal transmitted from a terminal station TS via an
antenna and reconstructs received data by performing various processing such as amplification, frequency conversion
and demodulation. Moreover, the radio communication section 401 performs various processing, such as modulation,
frequency conversion and amplification, on a signal sequence in a radio frame from the transmission data processing
section 402 to generate a downlink signal and transmits it to a terminal station TS via the antenna.
[0063] The reception data processing section 403 outputs to the communication section 407 data to be transmitted
to an upper-level network among the received data reconstructed by the radio communication section 401. Moreover,
the reception data processing section 403 outputs to the control section 404 data concerning the radio quality measured
by a terminal station TS (hereinafter, simply referred to as measurement data) and the like to be processed within the
radio base station 40 among the reconstructed received data.
[0064] The control section 404 outputs the measurement data input from the reception data processing section 403
to the communication load estimation section 405. Moreover, the control section 404 measures a communication load
in its own radio cell (the radio cell 50; hereinafter referred to as the own radio cell) under a predetermined condition and
records a result thereof in the communication load recording section 406. Furthermore, the control section 404 performs
control related to measurement and reporting of the radio quality by a terminal station TS and configures a control signal
for it. A specific manner of control by the control section 404 will be described in detail in the description of operations,
which will be given later.
[0065] The communication section 407 sends data from the reception data processing section 403 to the upper-level
network via a communication line. Moreover, the communication section 407 receives data from the upper-level network
and outputs it to the transmission data processing section 402.
[0066] The transmission data processing section 402 stores data for a terminal station input from the communication
section 407 in a buffer, which is configured for each terminal station and for each bearer, respectively, and performs
processing such as error correction coding, rate matching and interleaving to create a transport channel. Moreover, the
transmission data processing section 402 adds control information including the control signal related to measurement
of the radio quality by a terminal station configured by the control section 404 to a data sequence of the transport channel,
thus generating a radio frame.
[0067] The communication load estimation section 405 estimates a communication load in the estimation-target cell
50a as described already by using the measurement data (quality indicators Q1 and Q2) input from the control section
404. Hereinafter, a description will be given of communication load estimation control operations of the radio base station
40.

5.2) Operations

[0068] Referring to FIG. 18, first, the control section 404 instructs terminal stations under the control thereof to measure
radio quality and to report measurement results (Operation S50). Quality indicators to be measured are the quality
indicator Q1 including entire received power and the quality indicator Q2 including the signal-to-noise-and-interference
ratio of a reference signal, as described above.
[0069] The instruction to do measurement and report measurement results may be performed toward all terminal
stations that are belonging to the own radio cell, or may be performed toward some terminal stations selected. A method
for selecting terminal stations may be at random, or may be on a condition based on the measurement results. For the
condition based on the measurement results, it is possible to use, for example, a method of selecting terminal stations
presenting that the received signal strength of a reference signal of the estimation-target cell has a predetermined value
or larger, a method of selecting terminal stations presenting that the difference between the received signal strength of
a reference signal of the estimation-target cell and the received signal strength of a reference signal of the own radio
cell is a predetermined value or larger, or the like.
[0070] Note that a report of the measurement results is assumed to include time of measurement, in addition to the
above-mentioned quality indicators of the estimation-target cell.
[0071] Next, the control section 404 measures a communication load in the own radio cell under a predetermined
condition and records a result thereof in the communication load recording section 406 (Operation S51). Specifically, if
the radio base station 40 is of LTE, a physical resource block usage is measured as a communication load and is
recorded in the communication load recording section 406. Moreover, the predetermined condition here is that meas-
urement is performed at predetermined intervals, or the like. Subsequently, the control section 404 collects measurement
data reported from the terminal stations TS under the control thereof (Operation S52).
[0072] Moreover, the communication load estimation section 405, for each measurement data collected, calculates a
communication load in the estimation-target cell at the time of measurement (Operations S53 to S57). Note that this
processing for communication load calculation may be performed each time measurement data is reported from a
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terminal station, or may be performed after a certain amount of measurement data are collected.
[0073] First, the communication load estimation section 405 determines whether or not measurement data can be
used for communication load estimation (Operation S54). Specifically, as described already, it is sufficient to determine
that measurement data presenting that the received signal strength of a reference signal of the estimation-target cell
has a predetermined value or larger, and measurement data presenting that the difference between received signal
strength of interest and the received signal strength of a reference signal of the own radio cell is a predetermined value
or larger, can be used for communication load estimation.
[0074] If it is determined that measurement data cannot be used for communication load estimation (Operation S54;
No), processing on this measurement data is completed. If measurement data can be used (Operation S54; Yes), this
measurement data (quality indicators Q1 and Q2) is used to calculate a communication load in the estimation-target cell
(Operation S55). A method of estimating a communication load has been described in the first example, and therefore
a description thereof will be omitted.
[0075] Subsequently, the communication load estimation section 405, when completing the processing for communi-
cation load calculation on all subject measurement data, averages the plurality of communication loads calculated for
the measurement data, respectively, and thereby estimates a communication load in the estimation-target cell (Operation
S57). For a method for averaging, although the above-described second or third example can be applied, a mean value
or a median value may also be used. Moreover, it is also possible to perform averaging after weighting, depending on
results of measurement with respect to the estimation-target cell included in the measurement data. For example, the
weight is made larger if the received signal strength of the estimation-target cell included in the measurement data is
high in comparison with the received signal strength of the own radio cell or another radio cell.

5.3) Effects

[0076] As described above, according to the fifth example of the present invention, even in a case where a radio
resource state is not notified via the X2 interface from a neighboring base station, it is possible to estimate a communication
load in a radio cell managed by this neighboring base station by using results of radio quality measurement by terminal
stations under control.

6. Sixth example

[0077] A sixth example of the present invention is different from the fifth example in that results of quality indicator
measurement with respect to the estimation-target cell are collected from another radio base station. Estimation of a
communication load in the estimation-target cell according to the present example can be performed by using meas-
urement results collected by another station and/or measurement results collected by the own station. Hereinafter, to
simplify and clarify the description, the differences between the present example and the above-described fifth example
will be described briefly.

6.1) System architecture

[0078] Referring to FIG. 19, a radio communication system according to the sixth example of the present invention,
compared to the fifth example shown in FIG.16, includes a radio base station 41 in place of the radio base station 40
and further newly includes a radio base station 40b, a radio cell 50b managed by it, and terminal stations TS1 b to TS3b
that are belonging to the radio cell 50b. The radio base stations 40b and 40a are close to each other, and it is assumed
that signals of the radio cells 50b and 50a can be measured in at least some area. Moreover, the radio base stations
41 and 40b are connected via a communication line 60 and can exchange various kinds of information. Note that the
communication line may be radio or may be wired.
[0079] In the present example, the radio base station 41 estimates a communication load in the radio cell 50a by using
not only results of radio quality (quality indicators Q1 and Q2) measurement by the terminal stations TS1, TS2 and TS3
but also results of radio quality (quality indicator Q1 and Q2) measured by the terminal stations TS1 b, TS2b and TS3b,
which are collected by the radio base station 40b. Alternatively, if the radio base station 40b has communication load
estimation functionality similar to that of the radio base station 41, a communication load in the radio cell 50a can be
estimated by also using a result of communication load estimation with respect to the radio cell 50a calculated by the
radio base station 40b. Since the radio base station 40b cooperates for the radio base station 41 to estimate a commu-
nication load, this base station and a cell managed by this base station will be referred to as the cooperating base station
and the cooperating cell, respectively, hereinafter.
[0080] Referring to FIG. 20, in the radio base station 41 according to the present example, compared to the radio base
station 40 according to fifth example, the functions of a communication load estimation section 415 and a communication
section 417 are different.
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[0081] The communication section 417, unlike the communication section 407 according to the fifth example, can
exchange information not only with the upper-level network but also with the cooperating base station via the commu-
nication line 60. For example, the radio base station 41 can acquire measurement data and the like measured by terminal
stations under the control of the cooperating base station. Moreover, if the cooperating base station has communication
load estimation functionality similar to that of the radio base station 41, it is also possible to acquire a communication
load result estimated by the cooperating base station with respect to the estimation-target cell.
[0082] The communication load estimation section 415, unlike the communication load estimation section 405 accord-
ing to the fifth example, uses measurement data on the estimation-target cell (here, the radio cell 50a) collected by the
own station and measurement data on the estimation-target cell measured by the terminal stations under the control of
the cooperating base station to estimate a communication load in the estimation-target cell. Moreover, if the cooperating
base station has communication load estimation functionality similar to that of the radio base station 41, it is also possible
to update an estimation result obtained by the own station by using a result of communication load estimation obtained
by the cooperating base station.

6.2) Communication load estimation control (first example)

[0083] As shown in FIG. 21, of Operations S50 to S57, operations similar to those of the fifth example shown in FIG.
18 are given the same reference signs, and a description thereof will be omitted.
[0084] In communication load estimation control according to the present example, after measurement data are col-
lected from terminal stations under the control thereof (Operation S52), measurement data measured by terminal stations
under the control of the cooperating base station are collected (Operation S52a). However, this processing for collection
(S52a) does not necessarily need to be performed after Operation S52 but may be such an operation that collection is
performed at any appropriate time and a result thereof is stored in a memory or the like.
[0085] The communication load estimation section 415 next calculates, for each measurement data collected, a com-
munication load in the estimation-target cell at the time of measurement (Operations S53 to S56). Here, a description
will be given of a case where measurement data subject to the calculation is that acquired by the cooperating base station.
[0086] For Operation S54a in which it is determined whether or not the measurement data can be used for commu-
nication load estimation, it is sufficient to perform the processing of Operation S54 according to the fifth example, wherein
the own radio cell is read as the cooperating cell. For processing for calculating a communication load in the estimation-
target cell for the measurement data of interest (Operation S55a) as well, it is sufficient to perform the processing of
Operation S55 according to the fifth example, wherein the own radio cell is read as the cooperating cell. The subsequent
Operation S57 is as described in the fifth example.

6.3) Communication load estimation control (second example)

[0087] FIG. 22 shows communication load estimation control in a case where the cooperating base station has com-
munication load estimation functionality similar to that of the radio base station 41. Operations S50 to S57 shown in FIG.
22 are similar to those of the fifth example shown in FIG. 18, and therefore a description thereof will be omitted.
[0088] Referring to FIG. 22, the communication load estimation section 415, subsequent to Operation S57, collects
a result of communication load estimation with respect to the estimation-target cell obtained by the cooperating base
station (Operation S58). In this event, information concerning a method used in this estimation may also be collected.
The information concerning an estimation method includes, for example, an equation used to estimate a communication
load, the number of samples used for averaging, and the like. Note that the processing for collection here does not
necessarily need to be performed after Operation S57, but it is also possible that collection is performed at any appropriate
time and a result thereof is stored in a memory or the like.
[0089] Subsequently, the communication load estimation section 415 uses the communication load in the estimation-
target cell estimated by the cooperating base station to update the communication load in the estimation-target cell
estimated by itself (Operation S59). For this update of the communication load, for example, the two estimation results
may simply be averaged, or averaging may be performed after weighting, depending on the number of samples used
in the estimation.
[0090] Further, the communication load updated by the radio base station 41 may be notified to the cooperating base
station (not shown). Note that the cooperating base station does not need to be one, but a plurality of them may exist.

6.4) Effects

[0091] As described above, according to the sixth example of the present invention, a communication load can be
estimated by also utilizing a cooperating base station, and so it is possible to perform estimation with higher accuracy,
or with less measurement data.
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7. Seventh example

[0092] A seventh example of the present invention is different from the fifth example in that results of quality indicator
measurement with respect to the estimation-target cell are stored in a database connected to each radio base station.
Estimation of a communication load in the estimation-target cell according to the present example can be performed by
using measurement data stored in the database. Hereinafter, to simplify and clarify the description, the differences
between the present example and the above-described fifth example will be described briefly.

7.1) System architecture

[0093] Referring to FIG. 23, a radio communication system according to the seventh example, compared to the fifth
example shown in FIG. 16, includes a radio base station 42 in place of the radio base station 40 and further newly
includes a terminal measurement database (DB) 70. Moreover, it is assumed that terminal stations TS1 a to TS3a are
belonging to the radio cell 50a managed by the radio base station 40a. The radio base stations 42 and 40a are connected
to the terminal measurement DB 70 via communication lines 61 and 62, respectively, and can register measurement
data in the terminal measurement DB 70 and acquire measurement data from the terminal measurement DB 70.
[0094] According to the present example, the radio base station 42 estimates a communication load in the estimation-
target cell 50a by using results of radio quality (quality indicators Q1 and Q2) measured by the terminal stations TS1a,
TS2a and TS3a, which are acquired from the terminal measurement DB 70.
[0095] Referring to FIG. 24, in the radio base station 42, compared to the radio base station 40 according to the fifth
example, the functions of a communication load estimation section 425 and a communication section 427 are different.
Moreover, the communication load recording section 406 is not necessarily required.
[0096] The communication section 427 is different from the communication section 407 of the fifth example in that the
communication section 427 sends measurement data to the terminal measurement DB 70 and receives measurement
data recorded therein via the communication line. Here, measurement data on the estimation-target cell are acquired,
and the communication load estimation section 425 performs communication load estimation. Note that the terminal
measurement DB 70 stores measurement data received from the radio base stations in a predetermined format (not
shown), and a radio base station allowed to access this DB can acquire the measurement data registered.
[0097] The communication load estimation section 425 estimates a communication load in the estimation-target cell
by using measurement data measured by terminal stations with respect to the estimation-target cell, in accordance with
any communication load estimation method described already.

7.2) Communication load estimation control

[0098] Referring to FIG. 25, the control section 404 first acquires measurement data on the estimation-target cell from
the terminal measurement DB 70 (Operation S60). Subsequently, the communication load estimation section 425 cal-
culates, for each measurement data acquired, a communication load in the estimation-target cell at the time of meas-
urement (Operations S61 to S64).
[0099] Processing for determining whether or not the measurement data can be used for communication load estimation
(Operation S62), and processing for calculating a communication load in the estimation-target cell for the measurement
data of interest (Operation S62) are similar to Operations S54 and S55 according to the fifth example.
[0100] Note that as a method for acquiring measurement data on the estimation-target cell, described in the present
example is such a system that measurement data are acquired from the terminal measurement DB 70, but the method
can also be implemented in another system. For example, if any one of the terminal stations TS1 to TS3 has the Logged
MDT (Minimization of Drive Test) function prescribed in 3GPP, it is possible that it performs radio quality measurement
in an idle state and notifies measurement data upon falling in a connected state.
[0101] Moreover, a communication load in the estimation-target cell is estimated by using measurement data on the
estimation-target cell in the present example, but the present example is not limited to this system. For example, it is
also possible to concurrently use measurement data obtained in the own radio cell and a cooperating cell as described
in the sixth example. In such a case, it is also possible to place greater importance on the measurement data on the
estimation-target cell than the measurement data obtained in the own radio cell and the cooperating cell when commu-
nication loads calculated from the respective measurement data are averaged. However, in that case, the radio base
station 42 requires the communication load recording section 406.

7.3) Effects

[0102] As described above, according to the seventh example of the present invention, a communication load is
estimated by using measurement data obtained in the estimation-target radio cell, and accordingly it is possible to
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perform estimation with higher accuracy, or with less measurement data.

8. Eighth example

[0103] An eighth example of the present invention is different from the fifth to seventh examples in that estimation of
a load in the estimation-target cell is performed by a network upper-level apparatus. Hereinafter, to simplify and clarify
the description, the differences between the present example and the above-described fifth to seventh examples will be
described briefly.

8.1) System architecture

[0104] Referring to FIG. 26, a radio communication system according to the eighth example, compared to the fifth
example shown in FIG. 16, includes a radio base station 41 in place of the radio base station 40 and further newly
includes a radio base station 40b, a radio cell 50b managed by the radio base station 40b, terminal stations TS1 b and
TS3b that are belonging to the radio cell 50b, and a network upper-level apparatus 71. The network upper-level apparatus
71 is connected to the radio base stations 41 and 40b via communication lines 63 and 64, respectively, and can exchange
various kinds of data with them. The communication lines 63 and 64 may be wireless or may be wired. Note that the
communication line 60 between base stations in the sixth example is not necessarily required in the present example.
[0105] According to the present example, communication load estimation is not performed by the radio base station
41 but is performed by the network upper-level apparatus 71. Specifically, the network upper-level apparatus 71 estimates
a communication load in the radio cell 50a by using results of radio quality measured by the terminal stations TS1, TS2
and TS3 and results of radio quality measured by the terminal stations TS1 b, TS2b and TS3b obtained by the radio
base station 10b.
[0106] Referring to FIG. 27, the network upper-level apparatus 71 according to the present example includes a com-
munication section 701, a transmission data processing section 702, a reception data processing section 703, and a
communication load estimation section 704. However, FIG. 27 only depicts the communication load estimation func-
tionality-related configuration relevant to the present example, and those functions that are provided to a general network
upper-level apparatus are omitted. The network upper-level apparatus 71 shown here, specifically, corresponds to a
parameter control device, an operations management device or the like for base stations.
[0107] The communication section 701 acquires information from the radio base stations via the communication lines.
Specifically, it acquires measurement data (quality indicators Q1 and Q2) measured by the radio base stations and
terminal stations under the control thereof, communication load information on the radio cells managed by these radio
base stations, and the like. Here, information is acquired from the radio base stations 41 and 40b. The reception data
processing section 703 outputs such received data to the communication load estimation section 704. The communication
load estimation section 704 uses the measurement data and communication load information input from the reception
data processing section 703 to estimate a communication load in the estimation-target cell (here, the radio cell 50a)
through the method described already.
[0108] The transmission data processing section 702 sends information such as the communication load estimated
by the communication load estimation section 704 from the communication section 701 to the radio base stations via
the communication lines.

8.2) Communication load estimation control

[0109] Referring to FIG. 28, the communication load estimation section 704 of the network upper-level apparatus 71
first collects from the radio base stations measurement data measured by terminal stations under the control of these
radio base stations and communication load information on the radio cells managed by these radio base stations (Op-
eration S70).
[0110] Next, the communication load estimation section 704 calculates, for each measurement data collected, a
communication load in the estimation-target cell at the time of measurement (Operations S71 to S74). Operations S71
to S74 have been described at Operations S61 to S64 in the seventh example. Further, the plurality of communication
loads calculated for the measurement data, respectively, are averaged, thereby estimating a communication load in the
estimation-target cell (Operation 75). The processing of Operation S75 is also as described at Operation 65 in the seventh
example.
[0111] Note that it is also possible to apply the present example to the sixth example, making a configuration such
that the processing for communication load estimation performed by the radio base station 41 in the sixth example is
performed by the network upper-level apparatus 71. In addition to this, as a modification example of the fifth example,
a system is also possible in which the processing for communication load estimation performed by the radio base station
40 is performed by the network upper-level apparatus 71. Moreover, as a modification example of the seventh example,
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a system is also possible in which the network upper-level apparatus 71 connected to the terminal measurement DB 40
performs the processing for communication load estimation.

8.3) Effects

[0112] As described above, according to the eighth example of the present invention, the processing for communication
load estimation can be performed by a network upper-level apparatus in place of a radio base station, and so the load
on the radio base station can be reduced.
[0113] Note that the radio base stations 40, 41 and 42 and the network upper-level apparatus 71 according to the
above-described fifth to eighth examples can be configured with hardware as apparent from the above description, but
they can also be implemented with computer programs. In such a configuration, the base station or upper-level apparatus
includes a processor and a program memory and executes programs stored in the program memory on the processor,
whereby functions and operations similar to those of each example described above can be implemented. Note that it
is also possible to implement only part of the functions according to the above-described examples with computer
programs.

<Third exemplary embodiment>

[0114] According to a third exemplary embodiment of the preset invention, in a multi-network environment, a radio
terminal estimates a communication load in an estimation-target network by using radio quality information (quality
indicators Q1 and Q2). Hereinafter, ninth to thirteenth example of the present invention will be described with reference
to drawings.

9. Ninth example

[0115] A radio terminal according to a ninth example of the present invention is a multi-network-operable terminal that
is capable of connecting to a plurality of networks, includes the load estimation functionality according to the above-
described examples and can select an appropriate network. Hereinafter, a detailed description will be given.

9.1) System architecture

[0116] Referring to FIG. 29, it is assumed that a radio terminal 100 according to the present example can connect to
a plurality of networks. Three networks NW1, NW2 and NW3 illustrated here are, for example, cellular networks, public
radio LANs and the like provided by communication operators (mobile operators and radio service providers).
[0117] Referring to FIG. 30, a radio communication section 101 of the radio terminal 100 can connect by radio to a
base station or an access point of the network NW1, NW2 or NW3 by using a predetermined radio access system (e.g.,
URAN (UMTS Terrestrial Radio Access Network), E-UTRAN (Evolved UTRAN), GERAN (GSM EDGE Radio Access
Network), WiMAX (Worldwide Interoperability for Microwave Access), Radio LAN, or the like). The radio communication
section 101 is provided with the above-described function of measuring the quality indicators Q1 and Q2.
[0118] The radio terminal 100 further includes a reception data processing section 102, a data control section 103, a
transmission data processing section 104, a connection control section 105, and a communication load estimation section
106. The reception data processing section 102 and the transmission data processing section 104, in accordance with
control of the connection control section 105, performs processing of data to be sent and received to/from a connected
network, and the data control section 103 performs control of the transmission data processing section 104 and the like
based on received data. The communication load estimation section 106, under the control of the connection control
section 105, estimates communication loads in the networks NW as described in the first to third examples above by
using measurement values of the quality indicators Q1 and Q2 input from the radio communication section 101, and
outputs estimated communication load information to the connection control section 105. The connection control section
105 selects a network to use based on results of estimation by the communication load estimation section 106.

9.2) Operations

[0119] Referring to FIG. 31, the connection control section 105 initializes a network number n (Operation S111).
Thereafter, the communication load estimation section 106 determines whether or not the quality indicator Q1 of a
network NWn is acquired (Operation S112) and, if the quality indicator Q1 is acquired (Operation S112; YES), subse-
quently determines whether or not the quality indicator Q2 is acquired (Operation S113). If the quality indicator Q2 is
acquired (Operation S113; YES), the communication load estimation section 106 estimates a communication load in
the network NWn as described in the first to third examples by using the measurement values of the quality indicators
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Q1 and Q2 of the network NWn (Operation S114).
[0120] Subsequently, if the network number n has not reached a maximum value (Operation S115; NO), the connection
control section 105 increments n by 1 (Operation S116) and returns to Operation S112. In this manner, the above-
described Operations S112 to S114 are repeated until n reaches the maximum value, that is, until the communication
load estimation section 106 estimates a communication load in every one of predetermined networks. Note that the
maximum value of n may be defined as the number of networks from which the radio terminal 100 can receive a pilot
signal or the like to measure the quality indicators. In the present example, the maximum value of n = 3, as shown in FIG. 29.
[0121] When the load estimates of the networks NW1 to NW3 are thus obtained, the connection control section 105
selects a network to use based on the load estimates (Operation S117). An example of a method for selecting a network
will be described next.

9.3) Network selection

[0122] The connection control section 105 can select a network of the lowest load estimate among the plurality of
networks NW1 to NW3. Further, a network may be selected in consideration of the following indicators.

Indicator 1: An error in communication load estimation. The magnitude of an estimation error can be estimated
based on the magnitude of a quality indicator that does not depend on the network load in each cell (for example,
RSRP, RSCP or the like).
Indicator 2: Priorities on networks. For example, priorities are predetermined by network type and by operator, and
a network of a higher priority is preferentially selected if load estimates are at similar levels.
Indicator 3: Received quality of networks. For example, a network producing higher received quality is preferentially
selected if load estimates are at similar levels.

[0123] Specifically, the connection control section 105 selects a network of the smallest sum of the load estimate u
and an offset Uoffset. As examples of setting of the offset Uoffset, the value of the offset Uoffset is made larger for a network
with a large estimation error; the value of the offset Uoffset is made smaller for a network that is desired to be connected
preferentially; the value of the offset Uoffset is made smaller for a network producing good received quality.

9.4) Effects

[0124] As described above, according to the ninth example of the present invention, the radio terminal 100 performs
the load estimation control according to the first to third examples, whereby effects similar to those of the first to third
examples can be obtained, and in addition, an appropriate network can be selected in consideration of network loads.
In this event, communication loads can be estimated without actually connecting to networks, and accordingly it is
possible to suppress increases in the power consumption of the radio terminal 100 and in network loads.

10. 1 Tenth example

[0125] A radio terminal according to a 10th example of the present invention is capable of connecting to a plurality of
networks and further is also capable of connecting to another network via another radio terminal that has mobile router
functionality or tethering functionality to which the radio terminal connects through a radio LAN. In such a communication
system as well, the radio terminal according to the present example includes the load estimation functionality according
to the above-described first to third examples and thereby can select an appropriate network. Hereinafter, a detailed
description will be given.
[0126] Referring to FIG. 32, a radio terminal 100a according to the present example can connect to networks NW1
and NW3, whereas another radio terminal 200a can connect to a network NW2. Further, the radio terminals 100a and
200a can establish a radio connection by using a radio access technology such as IEEE 802.11 series-compliant Radio
LAN or IEEE 802.15 series-compliant Radio PAN (e.g., Bluetooth™). Accordingly, the radio terminal 100a can use the
network NW2 via the radio terminal 200a.
[0127] The configuration of the radio terminal 100a is basically similar to that of the radio terminal 100 shown in FIG.
30, but the radio communication section 101 can connect to the networks NW1 and NW3 and can also connect to the
radio terminal 200a through radio LAN functionality. In the present example, it is assumed that the radio communication
section 101 of the radio terminal 100a measures the quality indicators Q1 and Q2 of all the networks NW1 to NW3.
Accordingly, the connection control section 105 and the communication load estimation section 106 of the radio terminal
100a, following the operation flow shown in FIG. 31, can estimate a communication load in each network and select an
appropriate network by using the communication load estimates.
[0128] Note that as another configuration, it is also possible that the radio terminal 200a measures the quality indicators
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of the networks NW1 to NW3 and selects a network by using respective load estimates of the networks. In this case,
the radio terminal 100a connects to the radio terminal 200a through a radio LAN and connects to a network selected by
the radio terminal 200a via the radio terminal 200a.
[0129] As described above, the radio terminal 100a according to the 10th example of the present invention, in addition
to effects similar to those of the above-described ninth example, can also use a network via the other radio terminal
200a through similar communication load estimation.

11. Eleventh example

[0130] In the above-described 10th example, a radio terminal measures the quality indicators of all networks and
estimates communication loads. In an 11th example of the present invention, each radio terminal measures the quality
indicators of a network to which it can connect and estimates a communication load, and one radio terminal can be
notified of the communication loads estimated by other radio terminals. In such a communication system, a radio terminal
according to the present example can obtain communication load estimates of all networks similarly to the load estimation
functionality according to the above-described first to third examples and therefore can select an appropriate network.
Hereinafter, a detailed description will be given.

11.1) System architecture

[0131] Referring to FIG. 33, a radio terminal 100b according to the present example is capable of connecting to
networks NW1 and NW3, whereas another radio terminal 200b having mobile router functionality is capable of connecting
to a network NW2. Further, the radio terminals 100b and 200b can establish a radio connection through a radio LAN as
described above, allowing the radio terminal 100b to use the network NW2 via the radio terminal 200a.
[0132] Referring to FIG. 34, the radio terminal 200b is, for example, a mobile router, such as a smartphone having
tethering functionality or a Wi-Fi router, and controls transfer of data transmitted/received between the radio terminal
100b and the network NW2. A lower-level radio link communication section 201 connects by radio to the radio terminal
100b by using a radio access system such as Radio LAN or Radio PAN as mentioned above to send transmission data
from a downlink connection data processing section 202 to the radio terminal 100b and also to output data received
from the radio terminal 100b to an uplink connection data processing section 203. An upper-level radio link communication
section 204 connects by radio to a base station of the network NW2 by using the above-mentioned same radio access
system that is used by the radio terminal 100b or a different radio access system and thereby can communicate with
the network NW2. Further, the upper-level radio link communication section 204 has a function of measuring the quality
indicators Q1 and Q2 of the network NW2.
[0133] A communication load estimation section 206 receives as inputs measurement values of the quality indicators
Q1 and Q2 from the upper-level radio link communication section 204 and performs communication load estimation as
described in the first to third examples above. A connection control section 205 notifies a communication load estimate
of the network NW2 to the radio terminal 100b via the lower-level radio link communication section 201.

11.2) Operations

[0134] Referring to FIG. 35, the connection control section 105 of the radio terminal 100b according to the present
example, when starting network selection, sends a communication load request to the radio terminal 200b (Operation
S301). Subsequently, the radio communication section 101 measures the quality indicators Q1 and Q2 of the networks
NW1 and NW3 (Operation S302), and the communication load estimation section 106 uses those measurement values
to estimate communication loads in the networks NW1 and NW3 as in the above-described first to third examples
(Operation S303).
[0135] Meanwhile in the radio terminal 200b, when the communication load request is received via the uplink connection
data processing section 203, the upper-level radio link communication section 204 measures the quality indicators Q1
and Q2 of the network NW2 (Operation S304), and the communication load estimation section 206 uses those meas-
urement values to estimate a communication load in the network NW2 as in the above-described first to third examples
(Operation S305). The communication load estimate of the network NW2 thus obtained is notified to the radio terminal
100b via the downlink connection data processing section 202 (Operation S306).
[0136] When receiving the communication load estimate of the network NW2 from the radio terminal 200b, the con-
nection control section 105 of the radio terminal 100b, based on it along with the communication load estimates of the
networks NW1 and NW3 estimated by the own terminal, selects an appropriate network as described in the ninth example
above (Operation S307).
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11.3) Effects

[0137] As described above, according to the 11th example of the present invention, the radio terminal 100b and the
radio terminal 200b that operates as a mobile router individually estimate communication loads in the respective networks
to which they can connect. Then, the radio terminal 100b receives the communication load estimate estimated by the
radio terminal 200b and thereby can perform network selection by using the communication load estimates of all the
networks. The processing for network load estimation is shared between the radio terminals 100b and 200b, whereby
the processing load on each radio terminal is lightened, making is possible to reduce power consumption.
[0138] Note that it is also possible that the radio terminal 100b notifies load estimates of the networks NW1 and NW3
to the radio terminal 200b, and the radio terminal 200b selects a network based on a load in the network NW2 estimated
by itself and the acquired load estimates of the networks NW1 and NW3.

12. Twelfth example

[0139] In the above-described 11 th example, the processing for network load estimation is shared between a radio
terminal and another radio terminal. In a 12th example of the present invention, the other radio terminal only performs
measurement of the quality indicators and notifies the measurement values thereof to the radio terminal. In such a
communication system as well, according to the present example, it is possible to obtain communication load estimates
of all networks and select an appropriate network as in the above-described ninth to 11th examples.
[0140] Referring to FIG. 36, a radio terminal 100c according to the present example is capable of connecting to
networks NW1 and NW3, whereas another radio terminal 200c having mobile router functionality is capable of connecting
to a network NW2. Further, the radio terminals 100c and 200c can establish a radio connection through a radio LAN as
described above, allowing the radio terminal 100c to use the network NW2 via the radio terminal 200c.
[0141] Referring to FIG. 37, the connection control section 105 of the radio terminal 100c according to the present
example, when starting network selection, sends a quality indicator measurement value request to the radio terminal
200c (Operation S401). Subsequently, the radio communication section 101 measures the quality indicators Q1 and Q2
of the networks NW1 and NW3 (Operation S402).
[0142] Meanwhile in the radio terminal 200b, when the communication load request is received via the uplink connection
data processing section 203, the upper-level radio link communication section 204 measures the quality indicators Q1
and Q2 of the network NW2 (Operation S403) and sends the quality indicator measurement values of the network NW2
to the radio terminal 100c via the downlink connection data processing section 202 (Operation S404).
[0143] The communication load estimation section 106 of the radio terminal 100c estimates communication loads in
all the networks as in the above-described first to third examples by using the quality indicator measurement values of
the network NW2 received from the radio terminal 200c and the quality indicator measurement values of the networks
NW1 and NW3 measured by the own terminal (Operation S405). The connection control section 105 selects an appro-
priate network by using these communication load estimates (Operation S406).
[0144] As described above, according to the 12th example of the present invention, the radio terminal 100c and the
radio terminal 200c that operates as a mobile router individually measure the quality indicators of the respective networks
to which they can connect. Then, the radio terminal 100c receives the quality indicator measurement values measured
by the radio terminal 200c and thereby can estimate a communication load in each network by using the quality indicator
measurement values of all the networks and perform network selection by using these communication load estimates.
The processing for measuring the quality indicators of networks is shared between the radio terminals 100c and 200c,
and the processing for network load estimation is performed by the radio terminal 100c, whereby the processing load
on each radio terminal is lightened, making is possible to reduce power consumption particularly of the radio terminal 200c.
[0145] Note that it is also possible that the radio terminal 100c notifies quality indicator measurement values of the
networks NW1 and NW3 to the radio terminal 200c, and the radio terminal 200c estimates a communication load in each
network by using the quality indicators of the network NW2 measured by itself and the acquired quality indicator meas-
urement values of the networks NW1 and 3 and selects a network by using these load estimates.

13. Thirteenth example

[0146] In the above-described 10th to 12th examples, network communication loads are estimated based on the quality
indicators Q1 and Q2 of each network, and a network to connect to is selected. On the other hand, according to a 13th
example of the present invention, a network can be selected by using simplified radio quality information of a radio
terminal, as well as received quality measured by and a network communication load estimated by another radio terminal.
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13.1) System architecture

[0147] Referring to FIG. 38, it is assumed that a radio terminal 100d according to the present example is capable of
connecting to a network NW1, whereas another radio terminal 200d having mobile router functionality is capable of
connecting to a network NW2. It is also possible that the radio terminal 100d can further connect to another network (a
third network), as described already. Moreover, the radio terminals 100d and 200d can establish a radio connection
through a radio LAN as described above, allowing the radio terminal 100d to use the network NW2 via the radio terminal
200d. Note that the basic configurations of the radio terminals 100d and 200d are similar to the block diagrams shown
in FIGS. 30 and 34, respectively, and therefore a description thereof will be given by using the same reference signs.
However, the functions of the connection control sections 105 and 205 and the communication load estimation sections
106 and 206 in the present embodiment are different from those of the above-described examples, which will be described
hereinafter.

13.2) System operations

[0148] Referring to FIG. 39, the connection control section 105 of the radio terminal 100d according to the present
example, when starting network selection, sends a connection selection request including simplified radio quality infor-
mation of its own terminal to the radio terminal 200d (Operation S501). The simplified radio quality information is infor-
mation indicating simplified radio quality such as, for example, the number of antenna bars of the own terminal. When
receiving the connection selection request, the communication load estimation section 206 of the radio terminal 200d
acquires the quality indicators Q1 and Q2 of the network NW2 (Operation S502) and uses these measurement values
to estimate a communication load in the network NW2 (Operation S503).
[0149] Subsequently, the connection control section 205 of the radio terminal 200d selects an appropriate network in
accordance with selection criteria, which will be described later, based on the simplified radio quality information received
from the radio terminal 100d and the communication load in the network NW2 estimated by the own terminal (Operation
S504). At that time, the connection control section 205 may notify a result of the network selection to the radio terminal
100d (Operation S505).
[0150] Alternatively, if the radio terminal 100d is configured to preferentially select a connection on the radio terminal
200d side, it is also possible that the radio terminal 200d turns on/off the radio LAN functionality between the radio
terminals 100d and 200d, thereby controlling network selection by the radio terminal 100d, without notifying a result of
the network selection.

13.3) Network selection criteria

[0151] Referring to FIG. 40, according to the present example, a network is selected in consideration of not only the
network load estimate u but also the received quality p of a network connection and the number of antennas n of the
radio terminal 100d. Specifically, the network NW2 is selected when the received quality p of the network NW2 is not
lower than a predetermined value pth and also when the number of antennas n of the radio terminal 100d is smaller
than a predetermined value nth. The network NW1 is selected when the received quality p of the network NW2 is lower
than the predetermined value pth and also when the number of antennas n of the radio terminal 100d is not smaller than
the predetermined value nth. In the other cases (areas labeled with "X" in FIG. 25), the network NW2 is selected when
the load estimate u of the network NW2 is lower than a predetermined value uth, and otherwise the network NW1 is
selected. Note that for the radio quality p, the above-described quality indicators can be used.

13.4) Operations of the radio terminal 200d

[0152] Referring to FIG. 41, the connection control section 205 of the radio terminal 200d acquires the number of
antennas n from the radio terminal 100d as its simplified radio quality information (Operation S601). Subsequently, the
communication load estimation section 206 acquires the received quality p of the network NW2 (Operation S602) and
estimates the load u in the network NW2 through the method described already (Operation S603).
[0153] Subsequently, the connection control section 205 determines whether or not the received quality p of the
network NW2 is equal to or higher than the predetermined value pth (Operation S604) and, if p >= pth (Operation S604;
YES), further determines whether or not the number of antennas n of the radio terminal 100d is equal to or larger than
the predetermined value nth (Operation S605). Moreover, if p < pth (Operation S604; NO), it is determined whether or
not the number of antennas n of the radio terminal 100d is smaller than the predetermined value nth (Operation S606).
[0154] When p >= pth (Operation S604; YES) and also when n >= nth (Operation S605; YES), or when p < pth (Operation
S604; NO) and also when n < nth (Operation S606; YES), then the connection control section 205 determines whether
or not the load estimate u of the network NW2 is smaller than the predetermined value uth (Operation S607). The
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connection control section 205 selects the network NW2 (Operation S608) if u < uth (Operation S607; YES), but selects
the network NW1 (Operation S609) if u >= uth (Operation S607; NO).
[0155] Moreover, when p >= pth (Operation S604; YES) and also when n < nth (Operation S605; NO), the connection
control section 205 selects the network NW2 (Operation S608). When p < pth (Operation S604; NO) and also when n
>= nth (Operation S605; NO), the connection control section 205 selects the network NW1 (Operation S609).
[0156] Note that although the radio terminal 200d selects a network for the radio terminal 100d to connect to by using
a network load estimated by itself and simplified radio quality information acquired from the radio terminal 100d in the
present example, it is also possible that the radio terminal 100d selects a network by using a network load estimated by
itself and simplified radio quality information acquired from the radio terminal 200d.

13.5) Effects

[0157] As described above, according to the 13th example of the present invention, a network is selected based on
simplified radio quality information of a radio terminal and on received quality measured by and a network communication
load estimated by another radio terminal. Accordingly, even in a case where acquirable radio quality information is
limited, it is possible to select an appropriated network, to further simplify network selection control, and also to reduce
the amount of information to be notified between radio terminals.

<Fourth exemplary embodiment>

[0158] According to a fourth exemplary embodiment of the present invention, a communication load in a cell managed
by a different operator can be estimated, and so it is possible to provide a communication load benchmark of the other
operator. Hereinafter, 14th and 15th examples of the present invention will be described with reference drawings.

14. Fourteenth example

[0159] According to a 14th example of the present invention, a radio station belonging to an operator (first operator)
measures the quality indicators Q1 and Q2 of a cell managed by another operator (second operator), and a server
collects the measurement results and estimates a communication load in the cell of the second operator. Hereinafter,
a description will be given by using a case as an example where two cells are adjacent to an estimation-target cell.
[0160] Referring to FIG. 42, in a radio communication system according to the 14th example of the present invention,
it is assumed that radio base stations 43 and 43b, a server 72, and radio stations ST and STb belong to the first operator,
whereas a radio base station 44 belongs to the second operator. Moreover, it is assumed that cells 50 and 50b managed
by the radio base stations 43 and 43b, respectively, are adjacent to an estimation-target cell 51 managed by the radio
base station 44, and that the radio stations ST and STb are under control of the radio base stations 43 and 43b,
respectively, and measure the quality indicators Q1 and Q2 of the estimation-target cell 51.
[0161] The radio stations ST and STb each have a function of measuring the quality indicators Q1 and Q2 of the
estimation-target cell 51, which is managed by an operator different from theirs, and this measurement function is
implemented at the application level. The radio stations ST and STb may be mobile terminals, or may be radio stations
installed at locations where signals from the estimation-target cell 51 can be received.
[0162] The server 72 collects measurement values of the quality indicators Q1 and Q2 measured by the radio stations
ST and STb via the radio base stations 43 and 43b, respectively, and estimates a communication load in the estimation-
target cell 51 by using the measurement results as in the first to eighth examples described already. The configuration
of the server 72 is basically similar to the upper-level apparatus 71 shown in the eighth example (FIG, 27), including a
communication section 701, a reception data processing section 703, and a communication load estimation section 704.
[0163] As described above, the radio stations ST and STb for quality indicator measurement and the server 72 for
load estimation are provided, whereby a communication load in the cell of the second operator can be acquired, enabling
the first operator to acquire a communication load benchmark of the second operator from the server 72.
[0164] Note that the radio stations ST and STb may be directly connected to the server 72 through wired or wireless
communication connections, not via the radio base stations 43 and 43b, respectively.

15. Fifteen example

[0165] According to a 15th example of the present invention, load estimation is not performed by the server 72, but
the radio station ST or STb can perform quality indicator measurement and load estimation. That is, a communication
load estimation section is provided to the radio station ST or STb, whereby load estimation is performed by a radio
station. Accordingly, the configuration of the radio station ST or STb is basically similar to those of the first to sixth
examples.
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16. Additional statements

[0166] Part or all of the above-described exemplary embodiments and examples can also be stated as in, but are not
limited to, the following additional statements.

(Additional statement 1)

[0167] A method for estimating a communication load in a network,
characterized in that the communication load in the network is estimated by using at least a first quality indicator, which
includes entire received power, and a second quality indicator, which includes a signal-to-noise-and-interference ratio
of a reference signal.

(Additional statement 2)

[0168] The method for estimating a communication load according to additional statement 1, characterized in that the
communication load is estimated based on a result of subtracting interference and noise power components included
in the signal-to-noise-and-interference ratio from the entire received power.

(Additional statement 3)

[0169] The method for estimating a communication load according to additional statement 1 or 2, characterized in that
the communication load is estimated by using results of measurement of the first and second quality indicators, which
is performed multiple times for each thereof.

(Additional statement 4)

[0170] The method for estimating a communication load according to additional statement 3, characterized by com-
prising statistical processing of measurement values obtained by the multiple times of measurement.

(Additional statement 5)

[0171] The method for estimating a communication load according to additional statement 3, characterized by com-
prising statistical processing of results of estimation, which is performed for each of the multiple times of measurement.

(Additional statement 6)

[0172] The method for estimating a communication load according to any one of additional statements 1 to 5, char-
acterized in that an operation for estimating the communication load is performed when received power of the reference
signal is not smaller than a predetermined value.

(Additional statement 7)

[0173] The method for estimating a communication load according to any one of additional statements 1 to 6, char-
acterized in that the network includes a plurality of cells having a predetermined resource block structure, wherein the
reference signal is a reference signal of the network.

(Additional statement 8)

[0174] The method for estimating a communication load according to additional statement 7, characterized in that,
assuming that the communication load is u, the communication load u is calculated by using a following equation (1):
[Math. 5] 

where the first quality indicator is RSSI or RSRQk, and the second quality indicator is SINRk,
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RSSI is received signal power per resource block (1 RB) of an OFDM symbol in which the reference signal RS is
multiplexed,
pk is received signal power per resource element of the reference signal RS of a cell Cell_k (RSRPk),
SINRk is a ratio of received signal power of the RS signal of the cell Cell_k to interference signal power plus noise
power, and
RSRQk is a ratio of the received signal power of the RS signal of the cell Cell_k to RSSI.

(Additional statement 9)

[0175] The method for estimating a communication load according to any one of additional statements 1 to 6, char-
acterized in that the network is of a code division multiplexing system of multiplexing the pilot signal and a user transmission
signal, wherein the reference signal is the pilot signal.

(Additional statement 10)

[0176] The method for estimating a communication load according to additional statement 9, characterized in that,
assuming that the communication load is u, the communication load u is calculated by using a following equation (2):
[Math. 6] 

where the first quality indicator is RSSI or Ec/Nok, and the second quality indicator is SINRk,
RSSI is received signal power within a bandwidth,
pk is received signal power of a pilot signal (PS) of a cell Cell_k (RSRPk),
SINRk is a ratio of the received signal power of the PS signal of the cell Cell_k to interference signal power plus
noise power,
Ec/Nok is a ratio of the received signal power of the PS signal of the cell Cell_k to RSSI, and
SF is a spreading factor.

(Additional statement 11)

[0177] The method for estimating a communication load according to any one of additional statements 1 to 10, char-
acterized in that a radio station in a radio communication system performs an operation for estimating the communication
load.

(Additional statement 12)

[0178] The method for estimating a communication load according to additional statement 11, characterized in that if
the radio station manages at least one radio terminal, the radio terminal performs measurement of the first and second
quality indicators and notifies them to the radio station.

(Additional statement 13)

[0179] The method for estimating a communication load according to any one of additional statements 1 to 10, char-
acterized in that at least one of a radio base station and a upper-level apparatus thereof in a radio communication system
performs an operation for estimating a communication load in an estimation-target cell.

(Additional statement 14)

[0180] The method for estimating a communication load according to additional statement 13, characterized in that a
radio terminal that is connected to a cell managed by the radio base station performs measurement of the first and
second quality indicators.

(Additional statement 15)

[0181] The method for estimating a communication load according to additional statement 13, characterized in that if
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any other radio base station exists that cooperates with the radio base station in the operation for estimating the com-
munication load, a radio terminal that is connected to a cell managed by this other radio base station performs meas-
urement of the first and second quality indicators.

(Additional statement 16)

[0182] The method for estimating a communication load according to additional statement 13, characterized in that a
radio terminal that is connected to the estimation-target cell performs measurement of the first and second quality
indicators.

(Additional statement 17)

[0183] The method for estimating a communication load according to additional statement 16, characterized in that a
third radio base station managing the estimation-target cell and the radio base station use a common database that
stores measurement data on the first and second quality indicators.

(Additional statement 18)

[0184] The method for estimating a communication load according to additional statement 16 or 17, characterized in
that if a radio terminal located within the estimation-target cell operates in Logged MDT (Minimization of Drive Test)
mode, the radio terminal, upon connecting to the radio base station, notifies measurement data on the first and second
quality indicators to the radio base station.

(Additional statement 19)

[0185] The method for estimating a communication load according to any one of additional statements 13 to 18,
characterized in that the operation for estimating the communication load is performed in such a manner that load
estimation is performed based on measurement data on the first and second quality indicators measured by a plurality
of radio terminals, wherein a load is estimated for each’s measurement data, and results or the estimation are subjected
to statistical processing.

(Additional statement 20)

[0186] The method for estimating a communication load according to any one of additional statements 1 to 10, char-
acterized in that a radio terminal in a radio communication system performs an operation for estimating the communication
load.

(Additional statement 21)

[0187] The method for estimating a communication load according to additional statement 20, characterized in that
the radio terminal estimates a communication load in each of a plurality of networks.

(Additional statement 22)

[0188] The method for estimating a communication load according to additional statement 20 or 21, characterized in
that the radio terminal estimates a communication load in at least one network and acquires from another radio terminal
a communication load in another network, which is estimated by the another radio terminal.

(Additional statement 23)

[0189] The method for estimating a communication load according to additional statement 20 or 21, characterized in
that the radio terminal estimates a communication load in at least one network and acquires from another radio terminal
measurement data on the first and second quality indicators of another network, which are measured by the another
radio terminal.

(Additional statement 24)

[0190] The method for estimating a communication load according to any one of additional statements 1 to 10, char-
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acterized in that acquisition of measurement data on the first and second quality indicators of the network is performed
at an application level of a radio station in a radio communication system.

(Additional statement 25)

[0191] The method for estimating a communication load according to additional statement 24, characterized in that a
server in the radio communication system collects the measurement data and performs an operation for estimating the
communication load.

(Additional statement 26)

[0192] The method for estimating a communication load according to additional statement 24, characterized in that
the radio station performs an operation for estimating the communication load.

(Additional statement 27)

[0193] The method for estimating a communication load according to any one of additional statements 24 to 26,
characterized in that the operation for estimating the communication load is performed in such a manner that load
estimation is performed based on measurement data on the first and second quality indicators measured by a plurality
of radio terminals, wherein a load is estimated for each’s measurement data, and results of the estimation are subjected
to statistical processing.

(Additional statement 28)

[0194] The method for estimating a communication load according to any one of additional statements 24 to 27,
characterized in that an operator of the network is different from an operator of the radio station.

(Additional statement 29)

[0195] A device for estimating a communication load in a network, characterized by comprising:

acquisition means for acquiring at least measurement data on a first quality indicator, which includes entire received
power, and on a second quality indicator, which includes a signal-to-noise-and-interference ratio of a reference
signal; and
estimation means for estimating the communication load in the network by using at least the first and second quality
indicators.

(Additional statement 30)

[0196] The device for estimating a communication load according to additional statement 29, characterized in that the
estimation means estimates the communication load based on a result of subtracting interference and noise power
components included in the signal-to-noise-and-interference ratio from the entire received power.

(Additional statement 31)

[0197] The device for estimating a communication load according to additional statement 29 or 30, characterized in
that the estimation means estimates the communication load by using results of measurement of the first and second
quality indicators, which is performed multiple times for each thereof.

(Additional statement 32)

[0198] The device for estimating a communication load according to additional statement 31, characterized in that the
estimation means performs statistical processing of measurement values obtained by the multiple times of measurement
and estimates the communication load by using a result of the statistical processing.

(Additional statement 33)

[0199] The device for estimating a communication load according to additional statement 31, characterized in that the
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estimation means performs statistical processing of results of estimation, which is performed for each of the multiple
times of measurement.

(Additional statement 34)

[0200] The device for estimating a communication load according to any one of additional statements 29 to 33, char-
acterized in that the estimation means performs an operation for estimating the communication load when received
power of the reference signal is not smaller than a predetermined value.

(Additional statement 35)

[0201] The device for estimating a communication load according to any one of additional statements 29 to 34, char-
acterized in that the network includes a plurality of cells having a predetermined resource block structure, wherein the
reference signal is a reference signal of the network.

(Additional statement 36)

[0202] The device for estimating a communication load according to additional statement 35, characterized in that,
assuming that the communication load is u, the communication load u is calculated by using a following equation (1):
[Math. 7] 

where the first quality indicator is RSSI or RSRQk, and the second quality indicator is SINRk,
RSSI is received signal power per resource block (1 RB) of an OFDM symbol in which the reference signal RS is
multiplexed,
pk is received signal power per resource element of the reference signal RS of a cell Cell_k (RSRPk),
SINRk is a ratio of received signal power of the RS signal of the cell Cell_k to interference signal power plus noise
power, and
RSRQk is a ratio of the received signal power of the RS signal of the cell Cell_k to RSSI.

(Additional statement 37)

[0203] The device for estimating a communication load according to any one of additional statements 29 to 34, char-
acterized in that the network is of a code division multiplexing system of multiplexing the pilot signal and a user transmission
signal, wherein the reference signal is the pilot signal.

(Additional statement 38)

[0204] The device for estimating a communication load according to additional statement 37, characterized in that,
assuming that the communication load is u, the communication load u is calculated by using a following equation (2):
[Math. 8] 

where the first quality indicator is RSSI or Ec/Nok, and the second quality indicator is SINRk,
RSSI is received signal power within a bandwidth,
pk is received signal power of a pilot signal (PS) of a cell Cell_k (RSRPk),
SINRk is a ratio of the received signal power of the PS signal of the cell Cell_k to interference signal power plus
noise power,
Ec/Nok is a ratio of the received signal power of the PS signal of the cell Cell_k to RSSI, and
SF is a spreading factor.
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(Additional statement 39)

[0205] The device for estimating a communication load according to any one of additional statements 29 to 38, char-
acterized by being provided to a radio station in a radio communication system.

(Additional statement 40)

[0206] The device for estimating a communication load according to additional statements 39, characterized in that
the acquisition means acquires measurement data on the first and second quality indicators from a radio terminal
managed by the radio station.

(Additional statement 41)

[0207] The device for estimating a communication load according to any one of additional statements 29 to 38, char-
acterized by being provided to at least one of a radio base station and a upper-level apparatus thereof in a radio
communication system, wherein the estimation means estimates a communication load in an estimation-target cell.

(Additional statement 42)

[0208] The device for estimating a communication load according to additional statement 41, characterized in that the
acquisition means acquires measurement data on the first and second quality indicators from a radio terminal that is
connected to a cell managed by the radio base station.

(Additional statement 43)

[0209] The device for estimating a communication load according to additional statement 41, characterized in that if
any other radio base station exists that cooperates with the radio base station in the operation for estimating the com-
munication load, the acquisition means acquires measurement data on the first and second quality indicators measured
by a radio terminal that is connected to a cell managed by this other radio base station.

(Additional statement 44)

[0210] The device for estimating a communication load according to additional statement 41, characterized in that the
acquisition means acquires measurement data on the first and second quality indicators measured by a radio terminal
that is connected to the estimation-target cell.

(Additional statement 45)

[0211] The device for estimating a communication load according to additional statement 44, characterized in that the
acquisition means acquires the measurement data on the first and second quality indicators from a database that is
used in common with a third radio base station managing the estimation-target cell.

(Additional statement 46)

[0212] The device for estimating a communication load according to additional statement 44 or 45, characterized in
that if a radio terminal located within the estimation-target cell operates in Logged MDT (Minimization of Drive Test)
mode, the acquisition means acquires measurement data on the first and second quality indicators when the radio
terminal is connected to the radio base station.

(Additional statement 47)

[0213] The device for estimating a communication load according to any one of additional statements 41 to 46, char-
acterized in that the estimation means performs load estimation based on measurement data on the first and second
quality indicators measured by a plurality of radio terminals, wherein a load is estimated for each’s measurement data,
and performs statistical processing of results of the estimation.
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(Additional statement 48)

[0214] The device for estimating a communication load according to any one of additional statements 29 to 38, char-
acterized by being provided to a radio terminal in a radio communication system.

(Additional statement 49)

[0215] The device for estimating a communication load according to additional statement 48, characterized in that the
estimation means estimates a communication load in each of a plurality of networks.

(Additional statement 50)

[0216] The device for estimating a communication load according to additional statement 48 or 49, characterized in
that the estimation means estimates a communication load in at least one network and acquires from another radio
terminal a communication load in another network, which is estimated by the another radio terminal.

(Additional statement 51)

[0217] The device for estimating a communication load according to additional statement 48 or 49, characterized in
that the estimation means estimates a communication load in at least one network, and the acquisition means acquires
from another radio terminal measurement data on the first and second quality indicators of another network, which are
measured by the another radio terminal.

(Additional statement 52)

[0218] The device for estimating a communication load according to any one of additional statements 29 to 38, char-
acterized in that the acquisition means acquires from a radio base station in a radio communication system measurement
data on the first and second quality indicators of the network, which are measured at an application level of a radio
terminal under control of the radio base station.

(Additional statement 53)

[0219] The device for estimating a communication load according to additional statement 52, characterized in that the
estimation means performs an operation for estimating the communication load by using the measurement data collected
from the radio base station.

(Additional statement 54)

[0220] The device for estimating a communication load according to any one of additional statements 29 to 38, char-
acterized in that the acquisition means acquires measurement data on the first and second quality indicators of the
network at an application level, and the estimation means performs an operation for estimating the communication load
by using the measurement data.

(Additional statement 55)

[0221] The device for estimating a communication load according to additional statement 52 or 53, characterized in
that the estimation means performs load estimation based on measurement data on the first and second quality indicators
measured by a plurality of radio terminals, wherein a load is estimated for each’s measurement data, and performs
statistical processing of results of the estimation.

(Additional statement 56)

[0222] The device for estimating a communication load according to additional statement 52, 53 or 55, characterized
in that an operator of the network is different from an operator of the radio terminal.

(Additional statement 57)

[0223] A radio station in a radio communication system, characterized by comprising:
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acquisition means for acquiring at least measurement data on a first quality indicator, which includes entire received
power, and on a second quality indicator, which includes a signal-to-noise-and-interference ratio of a reference
signal; and
estimation means for estimating a communication load in a network by using at least the first and second quality
indicators.

(Additional statement 58)

[0224] The radio station according to additional statement 57, characterized in that the estimation means estimates
the communication load based on a result of subtracting interference and noise power components included in the signal-
to-noise-and-interference ratio from the entire received power.

(Additional statement 59)

[0225] The radio station according to additional statement 57 or 58, characterized in that the estimation means estimates
the communication load by using results of measurement of the first and second quality indicators, which is performed
multiple times for each thereof.

(Additional statement 60)

[0226] The radio station according to additional statement 59, characterized in that the estimation means performs
statistical processing of measurement values obtained by the multiple times of measurement and estimates the com-
munication load by using a result of the statistical processing.

(Additional statement 61)

[0227] The radio station according to additional statement 59, characterized in that the estimation means performs
statistical processing of results of estimation, which is performed for each of the multiple times of measurement.

(Additional statement 62)

[0228] The radio station according to any one of additional statements 57 to 61, characterized in that the estimation
means performs an operation for estimating the communication load when received power of the reference signal is not
smaller than a predetermined value.

(Additional statement 63)

[0229] The radio station according to any one of additional statements 57 to 62, characterized in that the network
includes a plurality of cells having a predetermined resource block structure, wherein the reference signal is a reference
signal of the network.

(Additional statement 64)

[0230] The radio station according to additional statement 63, characterized in that, assuming that the communication
load is u, the communication load u is calculated by using a following equation (1):
[Math. 9] 

where the first quality indicator is RSSI or RSRQk, and the second quality indicator is SINRk,
RSSI is received signal power per resource block (1 RB) of an OFDM symbol in which the reference signal RS is
multiplexed,
pk is received signal power per resource element of the reference signal RS of a cell Cell_k (RSRPk),
SINRk is a ratio of received signal power of the RS signal of the cell Cell_k to interference signal power plus noise
power, and
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RSRQk is a ratio of the received signal power of the RS signal of the cell Cell_k to RSSI.

(Additional statement 65)

[0231] The radio station according to any one of additional statements 57 to 62, characterized in that the network is
of a code division multiplexing system of multiplexing the pilot signal and a user transmission signal, wherein the reference
signal is the pilot signal.

(Additional statement 66)

[0232] The radio station according to additional statement 65, characterized in that, assuming that the communication
load is u, the communication load u is calculated by using a following equation (2):
[Math. 10] 

where the first quality indicator is RSSI or Ec/Nok, and the second quality indicator is SINRk,
RSSI is received signal power within a bandwidth,
pk is received signal power of a pilot signal (PS) of a cell Cell_k (RSRPk),
SINRk is a ratio of the received signal power of the PS signal of the cell Cell_k to interference signal power plus
noise power,
Ec/Nok is a ratio of the received signal power of the PS signal of the cell Cell_k to RSSI, and
SF is a spreading factor.

(Additional statement 67)

[0233] The radio station according to any one of additional statements 57 to 66, characterized in that the estimation
means estimates a communication load in each of a plurality of networks.

(Additional statement 68)

[0234] The radio station according to any one of additional statements 57 to 67, characterized by further comprising
network selection means for selecting a network based on the communication load(s) in the network(s).

(Additional statement 69)

[0235] The radio station according to additional statement 68, characterized in that the estimation means estimates
a communication load in at least one network and acquires from another radio terminal a communication load in another
network, which is estimated by the another radio terminal, and
[0236] the network selection means selects a network based on the communication load in each network.

(Additional statement 70)

[0237] The radio station according to additional statement 68, characterized in that the acquisition means acquires
from another radio terminal measurement data on the first and second quality indicators of another network, which are
measured by the another radio terminal,
the estimation means estimates a communication load in each network based on measurement data on the first and
second quality indicators of at least one network and based on the measurement data of the another network, and
the network selection means selects a network based on the communication load in each network.

(Additional statement 71)

[0238] The radio station according to additional statement 67 or 68, characterized in that the acquisition means acquires
from another radio terminal simplified radio quality information indicating radio quality of the another radio terminal,
the estimation means estimates the communication load(s) in the network(s) by using the first and quality indicators of
the network(s), and
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the selection means selects a network based on the simplified radio quality indicator and the communication load in
each network.

(Additional statement 72)

[0239] The radio station according to any one of additional statements 57 to 71, characterized in that the acquisition
means acquires measurement data on the first and second quality indicators of the network(s) at an application level,
and the estimation means performs an operation for estimating the communication load(s) by using the measurement
data.

(Additional statement 73)

[0240] The radio station according to any one of additional statements 57 to 71, characterized in that the estimation
means performs load estimation based on measurement data on the first and second quality indicators measured by a
plurality of radio terminals, wherein a load is estimated for each’s measurement data, and performs statistical processing
of results of the estimation.

(Additional statement 74)

[0241] A upper-level apparatus of a radio station in a radio communication system, characterized by comprising:

acquisition means for acquiring from a radio station at least measurement data on a first quality indicator, which
includes entire received power, and on a second quality indicator, which includes a signal-to-noise-and-interference
ratio of a reference signal; and
estimation means for estimating a communication load in a network by using at least the first and second quality
indicators.

(Additional statement 75)

[0242] The upper-level apparatus according to additional statement 74, characterized in that the estimation means
estimates the communication load based on a result of subtracting interference and noise power components included
in the signal-to-noise-and-interference ratio from the entire received power.

(Additional statement 76)

[0243] The upper-level apparatus according to additional statement 74 or 75, characterized in that the estimation
means estimates the communication load by using results of measurement of the first and second quality indicators,
which is performed multiple times for each thereof.

(Additional statement 77)

[0244] The upper-level apparatus according to additional statement 76, characterized in that the estimation means
performs statistical processing of measurement data obtained by the multiple times of measurement and estimates the
communication load by using a result of the statistical processing.

(Additional statement 78)

[0245] The upper-level apparatus according to additional statement 76, characterized in that the estimation means
performs statistical processing of results of estimation, which is performed for each of the multiple times of measurement.

(Additional statement 79)

[0246] The upper-level apparatus according to any one of additional statements 74 to 78, characterized in that the
estimation means performs an operation for estimating the communication load when received power of the reference
signal is not smaller than a predetermined value.
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(Additional statement 80)

[0247] The upper-level apparatus according to any one of additional statements 74 to 79, characterized in that the
network includes a plurality of cells having a predetermined resource block structure, wherein the reference signal is a
reference signal of the network.

(Additional statement 81)

[0248] The upper-level apparatus according to additional statement 81, characterized in that, assuming that the com-
munication load is u, the communication load u is calculated by using a following equation (1):
[Math. 11] 

where the first quality indicator is RSSI or RSRQk, and the second quality indicator is SINRk,
RSSI is received signal power per resource block (1 RB) of an OFDM symbol in which the reference signal RS is
multiplexed,
pk is received signal power per resource element of the reference signal RS of a cell Cell_k (RSRPk),
SINRk is a ratio of received signal power of the RS signal of the cell Cell_k to interference signal power plus noise
power, and
RSRQk is a ratio of the received signal power of the RS signal of the cell Cell_k to RSSI.

(Additional statement 82)

[0249] The upper-level apparatus according to any one of additional statements 74 to 79, characterized in that the
network is of a code division multiplexing system of multiplexing the pilot signal and a user transmission signal, wherein
the reference signal is the pilot signal.

(Additional statement 83)

[0250] The upper-level apparatus according to additional statement 82, characterized in that, assuming that the com-
munication load is u, the communication load u is calculated by using a following equation (2):
[Math. 12] 

where the first quality indicator is RSSI or Ec/Nok, and the second quality indicator is SINRk,
RSSI is received signal power within a bandwidth,
pk is received signal power of a pilot signal (PS) of a cell Cell_k (RSRPk),
SINRk is a ratio of the received signal power of the PS signal of the cell Cell_k to interference signal power plus
noise power,
Ec/Nok is a ratio of the received signal power of the PS signal of the cell Cell_k to RSSI, and
SF is a spreading factor.

(Additional statement 84)

[0251] The upper-level apparatus according to any one of additional statements 74 to 83, characterized in that the
estimation means estimates a communication load in each of a plurality of networks.

(Additional statement 85)

[0252] A radio communication system including at least one of a radio station and a upper-level apparatus thereof,
characterized in that the radio station or the upper-level apparatus estimates a communication load in the network by
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using at least a first quality indicator, which includes entire received power, and a second quality indicator, which includes
a signal-to-noise-and-interference ratio of a reference signal.

(Additional statement 86)

[0253] The radio communication system according to additional statement 85, characterized in that the communication
load is estimated based on a result of subtracting interference and noise power components included in the signal-to-
noise-and-interference ratio from the entire received power.

(Additional statement 87)

[0254] The radio communication system according to additional statement 85 or 86, characterized in that the commu-
nication load is estimated by using results of measurement of the first and second quality indicators, which is performed
multiple times for each thereof.

(Additional statement 88)

[0255] The radio communication system according to additional statement 87, characterized in that the communication
load is estimated by using statistical processing of measurement values obtained by the multiple times of measurement.

(Additional statement 89)

[0256] The radio communication system according to additional statement 87, characterized in that the communication
load is calculated by statistical processing of results of estimation, which is performed for each of the multiple times of
measurement.

(Additional statement 90)

[0257] The radio communication system according to any one of additional statements 85 to 89, characterized in that
an operation for estimating the communication load is performed when received power of the reference signal is not
smaller than a predetermined value.

(Additional statement 91)

[0258] The radio communication system according to any one of additional statements 85 to 90, characterized in that
the network includes a plurality of cells having a predetermined resource block structure, wherein the reference signal
is a reference signal of the network.

(Additional statement 92)

[0259] The radio communication system according to additional statement 91, characterized in that, assuming that
the communication load is u, the communication load u is calculated by using a following equation (1):
[Math. 13] 

where the first quality indicator is RSSI or RSRQk, and the second quality indicator is SINRk,
RSSI is received signal power per resource block (1 RB) of an OFDM symbol in which the reference signal RS is
multiplexed,
pk is received signal power per resource element of the reference signal RS of a cell Cell_k (RSRPk),
SINRk is a ratio of received signal power of the RS signal of the cell Cell_k to interference signal power plus noise
power, and
RSRQk is a ratio of the received signal power of the RS signal of the cell Cell_k to RSSI.
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(Additional statement 93)

[0260] The radio communication system according to any one of additional statements 85 to 90, characterized in that
the network is of a code division multiplexing system of multiplexing the pilot signal and a user transmission signal,
wherein the reference signal is the pilot signal.

(Additional statement 94)

[0261] The radio communication system according to additional statement 93, characterized in that, assuming that
the communication load is u, the communication load u is calculated by using a following equation (2):
[Math. 14] 

where the first quality indicator is RSSI or Ec/Nok, and the second quality indicator is SINRk,
RSSI is received signal power within a bandwidth,
pk is received signal power of a pilot signal (PS) of a cell Cell_k (RSRPk),
SINRk is a ratio of the received signal power of the PS signal of the cell Cell_k to interference signal power plus
noise power,
Ec/Nok is a ratio of the received signal power of the PS signal of the cell Cell_k to RSSI, and
SF is a spreading factor.

[Industrial Applicability]

[0262] The present invention is applicable to radio communication systems utilizing a network load, for example, a
radio communication system that autonomously performs optimization of radio parameters and network configurations,
and the like.

[Reference Signs List]

[0263]

1 Communication load estimation function
Q1 First quality indicator
Q2 Second quality indicator
10, 10a, 10b Load estimation device
11 Radio communication section
12 Load estimation section
13 Statistical processing section
14 Data processing section
30 Radio station
31 Radio communication section
32 Transmission/reception data processing section
33 Communication load estimation section
34 Control section
40, 40a, 40b, 41, 42, 43a, 43b, 44 Radio base station
50, 50a, 50b, 51 Radio cell
60, 61, 62, 63, 64 Communication line
70 Terminal measurement database
71 Upper-level apparatus
72 Server
100, 100a, 100b, 100c, 100d Radio terminal
200a, 200b, 200c, 200d Radio terminal
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Claims

1. A method for estimating a communication load in a network, characterized in that
the communication load in the network is estimated by using at least a first quality indicator, which includes entire
received power, and a second quality indicator, which includes a signal-to-noise-and-interference ratio of a reference
signal.

2. The method according to claim 1, characterized in that the communication load is estimated based on a result of
subtracting interference and noise power components included in the signal-to-noise-and-interference ratio from
the entire received power.

3. The method according to claim 1 or 2, characterized in that the communication load is estimated by using results
of measurement of the first and second quality indicators, wherein the measurement is performed multiple times for
each of the first and second quality indicators.

4. The method according to claim 3, characterized by further comprising statistical processing of measurement values
obtained by the multiple times of measurement.

5. The method according to claim 3, characterized by further comprising statistical processing of estimation results,
each of which is obtained by estimation for each of the multiple times of measurement.

6. The method according to any one of claims 1 to 5, characterized in that an estimation operation of the communication
load is performed when received power of the reference signal is not smaller than a predetermined value.

7. The method according to any one of claims 1 to 6, characterized in that the network includes a plurality of cells
having a predetermined resource block structure, wherein the reference signal is of the network.

8. The method according to claim 7, characterized in that, assuming that the communication load is u, the commu-
nication load u is calculated by using a following equation (1):
[Math. 1] 

where the first quality indicator is RSSI or RSRQk, and the second quality indicator is SINRk,
RSSI is received signal power per resource block (1 RB) of an OFDM symbol in which the reference signal RS
is multiplexed,
pk is received signal power per resource element of the reference signal RS of a cell Cell_k (RSRPk),
SINRk is a ratio of received signal power of the RS signal of the cell Cell_k to interference signal power plus
noise power, and
RSRQk is a ratio of the received signal power of the RS signal of the cell Cell_k to RSSI.

9. The method according to any one of claims 1 to 6, characterized in that the network is of a code division multiplexing
system of multiplexing the pilot signal and a user transmission signal, wherein the reference signal is the pilot signal.

10. The method according to claim 9, characterized in that, assuming that the communication load is u, the commu-
nication load u is calculated by using a following equation (2):
[Math. 2] 

where the first quality indicator is RSSI or Ec/Nok, and the second quality indicator is SINRk,
RSSI is received signal power within a bandwidth,
pk is received signal power of a pilot signal (PS) of a cell Cell_k (RSRPk),
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SINRk is a ratio of the received signal power of the PS signal of the cell Cell_k to interference signal power plus
noise power,
Ec/Nok is a ratio of the received signal power of the PS signal of the cell Cell_k to RSSI, and
SF is a spreading factor.

11. The method according to any one of claims 1 to 10, characterized in that a radio station in a radio communication
system performs an estimation operation of the communication load.

12. The method according to claim 11, characterized in that if the radio station manages at least one radio terminal,
the radio terminal performs measurement of the first and second quality indicators and notifies them to the radio
station.

13. The method according to any one of claims 1 to 10, characterized in that at least one of a radio base station and
an upper-level apparatus thereof in a radio communication system performs an estimation operation for a commu-
nication load in an estimation-target cell.

14. The method according to claim 13, characterized in that a radio terminal that is connected to a cell managed by
the radio base station performs measurement of the first and second quality indicators.

15. The method according to claim 13, characterized in that if any other radio base station exists that cooperates with
the radio base station in the estimation operation of the communication load, a radio terminal that is connected to
a cell managed by this other radio base station performs measurement of the first and second quality indicators.

16. The method according to claim 13, characterized in that a radio terminal that is connected to the estimation-target
cell performs measurement of the first and second quality indicators.

17. The method according to claim 16, characterized in that a third radio base station managing the estimation-target
cell and the radio base station use a common database that stores measurement data on the first and second quality
indicators.

18. The method according to claim 16 or 17, characterized in that if a radio terminal located within the estimation-
target cell operates in Logged MDT (Minimization of Drive Test) mode, the radio terminal, when connecting to the
radio base station, notifies measurement data on the first and second quality indicators to the radio base station.

19. The method according to any one of claims 13 to 18, characterized in that the estimation operation of the com-
munication load is performed in such a manner that load estimation is performed based on measurement data on
the first and second quality indicators measured by each of a plurality of radio terminals, wherein results of the load
estimation are subjected to statistical processing.

20. The method according to any one of claims 1 to 10, characterized in that a radio terminal in a radio communication
system performs an estimation operation of the communication load.

21. The method according to claim 20, characterized in that the radio terminal estimates a communication load in
each of a plurality of networks.

22. The method according to claim 20 or 21, characterized in that the radio terminal estimates a communication load
in at least one network and acquires from another radio terminal a communication load in another network, which
is estimated by the another radio terminal.

23. The method according to claim 20 or 21, characterized in that the radio terminal estimates a communication load
in at least one network and acquires from another radio terminal measurement data on the first and second quality
indicators of another network, wherein the first and second quality indicators of the another network are measured
by the another radio terminal.

24.  The method according to any one of claims 1 to 10, characterized in that acquisition of measurement data on the
first and second quality indicators of the network is performed at an application level of a radio station in a radio
communication system.
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25. The method according to claim 24, characterized in that a server in the radio communication system collects the
measurement data and performs an estimation operation of the communication load.

26. The method according to claim 24, characterized in that the radio station performs an estimation operation of the
communication load.

27. The method according to any one of claims 24 to 26, characterized in that the estimation operation of the com-
munication load is performed in such a manner that load estimation is performed based on measurement data on
the first and second quality indicators measured by each of a plurality of radio terminals, wherein results of the load
estimation are subjected to statistical processing.

28. The method according to any one of claims 24 to 27, characterized in that an operator of the network is different
from an operator of the radio station.

29. A device for estimating a communication load in a network, characterized by comprising:

acquisition means for acquiring at least measurement data on a first quality indicator, which includes entire
received power, and on a second quality indicator, which includes a signal-to-noise-and-interference ratio of a
reference signal; and
estimation means for estimating the communication load in the network by using at least the measurement data
on the first and second quality indicators.

30. The device according to claim 29, characterized in that the estimation means estimates the communication load
based on a result of subtracting interference and noise power components included in the signal-to-noise-and-
interference ratio from the entire received power.

31. The device according to claim 29 or 30, characterized in that the estimation means estimates the communication
load by using results of measurement of the first and second quality indicators, wherein the measurement is performed
multiple times for each of the first and second quality indicators.

32. The device according to claim 31, characterized in that the estimation means performs statistical processing of
measurement values obtained by the multiple times of measurement and estimates the communication load by
using a result of the statistical processing.

33.  The device according to claim 31, characterized in that the estimation means performs statistical processing of
estimation results, each of which is obtained by estimation for each of the multiple times of measurement.

34. The device according to any one of claims 29 to 33, characterized in that the estimation means performs an
estimation operation of the communication load when received power of the reference signal is not smaller than a
predetermined value.

35. The device according to any one of claims 29 to 34, characterized in that the network includes a plurality of cells
having a predetermined resource block structure, wherein the reference signal is of the network.

36. The device according to claim 35, characterized in that, assuming that the communication load is u, the commu-
nication load u is calculated by using a following equation (1):
[Math. 3] 

where the first quality indicator is RSSI or RSRQk, and the second quality indicator is SINRk,
RSSI is received signal power per resource block (1 RB) of an OFDM symbol in which the reference signal RS
is multiplexed,
pk is received signal power per resource element of the reference signal RS of a cell Cell_k (RSRPk),
SINRk is a ratio of received signal power of the RS signal of the cell Cell_k to interference signal power plus
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noise power, and
RSRQk is a ratio of the received signal power of the RS signal of the cell Cell_k to RSSI.

37. The device according to any one of claims 29 to 34, characterized in that the network is of a code division multiplexing
system of multiplexing the pilot signal and a user transmission signal, wherein the reference signal is the pilot signal.

38. The device according to claim 37, characterized in that, assuming that the communication load is u, the commu-
nication load u is calculated by using a following equation (2):
[Math. 4] 

where the first quality indicator is RSSI or Ec/Nok, and the second quality indicator is SINRk,
RSSI is received signal power within a bandwidth,
pk is received signal power of a pilot signal (PS) of a cell Cell_k (RSRPk), SINRk is a ratio of the received signal
power of the PS signal of the cell Cell_k to interference signal power plus noise power,
Ec/Nok is a ratio of the received signal power of the PS signal of the cell Cell_k to RSSI, and
SF is a spreading factor.

39. A radio station in a radio communication system, characterized by comprising:

acquisition means for acquiring at least measurement data on a first quality indicator, which includes entire
received power, and on a second quality indicator, which includes a signal-to-noise-and-interference ratio of a
reference signal; and
estimation means for estimating a communication load in a network by using at least the measurement data
on the first and second quality indicators.

40. The radio station according to claim 39, characterized in that the estimation means estimates the communication
load based on a result of subtracting interference and noise power components included in the signal-to-noise-and-
interference ratio from the entire received power.

41. The radio station according to claim 39 or 40, characterized in that the estimation means estimates the commu-
nication load by using results of measurement of the first and second quality indicators, wherein the measurement
is performed multiple times for each of the first and second quality indicators.

42. The radio station according to claim 41, characterized in that the estimation means performs statistical processing
of measurement values obtained by the multiple times of measurement and estimates the communication load by
using a result of the statistical processing.

43. The radio station according to claim 41, characterized in that the estimation means performs statistical processing
of estimation results, each of which is obtained by estimation for each of the multiple times of measurement.

44. The radio station according to any one of claims 39 to 43, characterized in that the estimation means performs an
estimation operation of the communication load when received power of the reference signal is not smaller than a
predetermined value.

45. The radio station according to any one of claims 39 to 44, characterized in that the network includes a plurality of
cells having a predetermined resource block structure, wherein the reference signal is of the network.

46. The radio station according to claim 45, characterized in that, assuming that the communication load is u, the
communication load u is calculated by using a following equation (1): [Math. 5] 
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where the first quality indicator is RSSI or RSRQk, and the second quality indicator is SINRk,
RSSI is received signal power per resource block (1 RB) of an OFDM symbol in which the reference signal RS
is multiplexed,
pk is received signal power per resource element of the reference signal RS of a cell Cell_k (RSRPk),
SINRk is a ratio of received signal power of the RS signal of the cell Cell_k to interference signal power plus
noise power, and
RSRQk is a ratio of the received signal power of the RS signal of the cell Cell_k to RSSI.

47. The radio station according to any one of claims 39 to 44, characterized in that the network is of a code division
multiplexing system of multiplexing the pilot signal and a user transmission signal, wherein the reference signal is
the pilot signal.

48. The radio station according to claim 47, characterized in that, assuming that the communication load is u, the
communication load u is calculated by using a following equation (2):
[Math. 6] 

where the first quality indicator is RSSI or Ec/Nok, and the second quality indicator is SINRk,
RSSI is received signal power within a bandwidth,
pk is received signal power of a pilot signal (PS) of a cell Cell_k (RSRPk),
SINRk is a ratio of the received signal power of the PS signal of the cell Cell_k to interference signal power plus
noise power,
Ec/Nok is a ratio of the received signal power of the PS signal of the cell Cell_k to RSSI, and
SF is a spreading factor.

49. The radio station according to any one of claims 39 to 48, characterized in that the estimation means estimates
a communication load in each of a plurality of networks.

50. The radio station according to any one of claims 39 to 49, characterized by further comprising network selection
means for selecting a network based on the communication load(s) in the network(s).

51.  The radio station according to claim 50, characterized in that the estimation means estimates a communication
load in at least one network and acquires from another radio terminal a communication load in another network,
which is estimated by the another radio terminal, and
the network selection means selects a network based on the communication load in each network.

52. The radio station according to claim 50, characterized in that the acquisition means acquires from another radio
terminal measurement data on the first and second quality indicators of another network, wherein the first and
second quality indicators of the another network are measured by the another radio terminal,
the estimation means estimates a communication load in each network based on measurement data on the first
and second quality indicators of at least one network and based on the measurement data of the another network, and
the network selection means selects a network based on the communication load in each network.

53. The radio station according to claim 49 or 50, characterized in that the acquisition means acquires from another
radio terminal simplified radio quality information indicating radio quality of the another radio terminal,
the estimation means estimates the communication load(s) in the network(s) by using the first and quality indicators
of the network(s), and
the network selection means selects a network based on the simplified radio quality indicator and the communication
load in each network.

54. The radio station according to any one of claims 39 to 53, characterized in that the acquisition means acquires
measurement data on the first and second quality indicators of the network at an application level, and the estimation
means performs an estimation operation of the communication load by using the measurement data.

55. The radio station according to any one of claims 39 to 53, characterized in that the estimation means performs
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load estimation based on measurement data on the first and second quality indicators measured by each of a
plurality of radio terminals, and performs statistical processing of results of the load estimation.

56. An upper-level apparatus of a radio station in a radio communication system, characterized by comprising:

acquisition means for acquiring from a radio station at least measurement data on a first quality indicator, which
includes entire received power, and on a second quality indicator, which includes a signal-to-noise-and-inter-
ference ratio of a reference signal; and
estimation means for estimating a communication load in a network by using at least the measurement data
on the first and second quality indicators.

57.  A radio communication system including at least one of a radio station and an upper-level apparatus thereof,
characterized in that
the radio station or the upper-level apparatus estimates a communication load in the network by using at least a
first quality indicator, which includes entire received power, and a second quality indicator, which includes a signal-
to-noise-and-interference ratio of a reference signal.
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